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SYMPOSIUM ON DIFFICULT 
MEDICAL PROBLEMS 


Foreword 


In preparing this volume, we decided to ask our contributors, 
well-known authorities in the various branches of medicine, to draw 
upon their years of clinical experience for clarification of the really 
difficult problems that the physician faces in his daily practice. Nowa- 
days, as observation of ward rounds shows, medicine tends to overem- 
phasize basic science and laboratory data at the expense of the clinical 
picture, differential diagnosis, and treatment of the whole patient. This 
issue attempts to restore a balance: though the bedside approach is 
stressed, it is seasoned with sound evaluation of laboratory data. 

We should like to thank our contributors for the time and effort they 
have put into making this work into what we believe is an invaluable 
guide to both the diagnosis and treatment of difficult medical problems. 

We note with sorrow and regret the passing of one of our contribu- 
tors, the distinguished physician Dr. F. R. Keating of the Mayo Clinic, 
who died on September 13 of injuries suffered in an automobile accident. 
Dr. Keating specialized in diseases of the thyroid and parathyroid glands. 
In this symposium, he has blended his points of view on hyperparathy- 
roidism with those of other investigators of that condition. 


MIcHAEL G. WoHL, M.D. 
Guest Editor 


1727 Pine Street 
Philadelphia, Pennsylvania 19103 
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The Immunological Deficiency 
Diseases 


RICHARD A. GATTI, M.D.* 


ROBERT A. GOOD, M.D., Ph.D.** 


Less than 10 years ago, the role of the thymus was still un- 
known. Extirpation of this organ in older animals and in humans suffer- 
ing from thymoma or myasthenia gravis resulted in no apparent pathol- 
ogy. In 1956, Glick and co-workers showed that extirpation of the bursa 
of Fabricius in young chickens, a small lymphoid organ in the gastro- 
intestinal tract just anterior to the cloaca, resulted in agammaglobu- 
linemia.** However, the definitive experiment, extirpation of the thymus 
in the very young animal, was not successfully accomplished until 1960 
when, within a span of several months, two independent laboratories, 
Miller in England"? and ours in Minneapolis,'!°* demonstrated the de- 
pressed development of immunological capacity following neonatal 
thymectomy in rabbits and mice. Equally interesting in these experi- 
ments was the observation that serum globulin levels were not signifi- 
cantly depressed by thymectomy. 

Subsequent confirmation and extension of these findings in rats by 
Jankovic et al.” °:'” suggested that certain immunologic functions 
might be grouped together in a thymus-related category, such as delayed 
hypersensitivity and graft rejection capacity, and that these were mark- 
edly depressed by neonatal thymectomy, while such functions as im- 
munoglobulin production and antibody production were not so much re- 
lated to thymic influence. Working with hormonally manipulated chick- 
ens, Warner and Szenberg'™’!” also dissociated graft rejection and anti- 
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body production but confusingly associated delayed allergic reaction of 
chickens with antibody production and dissociated graft-versus-host 
reactions from the other groups. Suppression of thymus development 
was associated with suppression of homograft immunity; suppression 
of bursal development was associated with suppression of ability to pro- 
duce circulating antibody. Although these studies suggested separation 
of bursal- and thymus-dependent lymphoid systems, some of the rela- 
tions were confusing and classification had to await development of 
better model systems. 

In the spring of 1965, Cooper et al.*!-** defined clearly the division 
of labor among the immunologic mechanisms and the lymphoid systems 
in the body. This division was based on their observations that a dichot- 
omy of lymphoid development and function existed in chickens heavily 
irradiated at hatching and in addition either bursectomized or thy- 
mectomized, or subjected to both procedures at hatching. The bursec- 
tomized chickens were often agammaglobulinemic and failed to produce 
antibodies to any antigens even after repeated antigenic stimulation; 
plasma cells were absent in the bone marrow and lamina propria of the 
gut, and the spleen lacked germinal center type of follicles. These chick- 
ens were capable of expressing delayed hypersensitivity reactions and 
homograft rejection and possessed circulating lymphocytes able normal- 
ly to induce graft-versus-host reactions upon injection into an allogeneic 
embryo. By contrast, at 7 weeks of age the thymectomized chickens 
had low lymphocyte counts and depletion of small lymphocytes in the 
splenic-white pulp; they could not reject skin homografts or manifest 
delayed allergy, nor could their lymphocytes produce graft-versus-host 
disease upon injection into allogeneic embryos. Their immunoglobulin 
levels, on the other hand, were normal and antibody response to most 
antigens tested was good: plasma cells were present in normal numbers 
in spleen, lymph nodes, and in the lamina propria. Thus, it seemed 
that the two immunologic systems develop independently. 

When these experiments were considered together with the work of 
Ford et al.** 77 and later work of Moore and Owen’?! !22 using chromosome 
markers to analyze lymphoid cell traffic patterns in mice and chickens, 
a concept of lymphoid development emerged which pictured stem cells 
of yolk sac origin undergoing an odyssey of sequential migration from 
yolk sac to fetal liver and marrow. Under the influence of the appropriate 
microenvironments these basic stem cells are induced to differentiate 
into specific lines of hematopoietic cells. Within the thymus a lymphoid 
stem cell encounters a microchemical environment which induces dif- 
ferentiation to a population of lymphoid cells capable of expressing cell- 
mediated immune responses. The same lymphoid progenitor may en- 
counter a different microchemical environment in which it is induced 
to differentiate into a population of cells capable of secreting antibodies 
and immunoglobulins. This latter microchemical environment is pro- 
vided by the bursa of Fabricius in chickens and at least to some degree 
by the gut-associated lymphoid tissue (GALT) in the rabbit.” 1 The 
physical location of the equivalent of the bursa of Fabricius has not yet 
been defined for man and mice, but that it exists is clear. In the fully 
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Figure 1. Schematic representation of development of the lymphoid system. (From 
Hoyer, J. R., et al.: Medicine, 47:201, 1968, reproduced with permission. ) 
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differentiated form, the thymus-derived cells are immunocompetent 
small lymphocytes capable of manifesting delayed hypersensitivity 
responses, initiating graft-versus-host reactions, and executing solid 
tissue allograft rejection. The thymus-independent population, the plas- 
ma cells, in fully differentiated form are the cells which synthesize and 
secrete the various forms of immunoglobulins and circulating anti- 
bodies (Fig. 1). Following initial differentiation of plasma cell progenitor, 
further sequential steps in differentiation of antibody producing cells 
occurs, giving rise to different lines of cells capable of producing anti- 
bodies of the five different immunoglobulin classes in man. Germinal 
centers seem to be associated in chickens, and probably also in man and 
mammals, in the differentiation beyond antibody producing cells to cells 
producing IgG type immunoglobulins.‘ 

The sites where differentiation to cells capable of cell-mediated im- 
mune responses or immunoglobulin secretion occurs we refer to as the 
central lymphoid organs. Others have called these the primary lym- 
phoid organs. The lymphoid sites in the periphery where the definitive 
immune responses are executed, we have called the peripheral lym- 
phoid tissues.” 

Within the peripheral lymphoid sites each population of lymphoid 
cells has regions or areas of predilection. These regions have been de- 
fined for chickens by Cooper et al.,?!:'** for mouse by Parrott et al.,!*° 
for rabbit by Sutherland et al.,!* for guinea pig by Turk,'®* and for man by 
Good et al.”? * Figure 2A and B is a peripheral lymph node illustrating the 
regions of predilection of thymus-dependent and thymus-independent 
lymphoid populations. 


TWO BASIC IMMUNOLOGIC DEFICIENCY SYNDROMES 


Based on the above perspectives, two fundamental immunologic 
deficiency syndromes are recognized: (a) humoral immune deficiency 
(Table 1), and (b) cell-mediated immune deficiency (Table 2). 
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Table 1. Humoral Immune Deficiency Syndrome 


Recurrent severe bacterial infections: pneumonitis, meningitis, otitis, septicemia, pyo- 
derma, gastroenteritis 


Organisms: pneumococcus, streptococcus, meningococcus, Pseudomonas, H. influenzae 
Eczema 

Severe form of hepatitis 

Poor growth 

Lymph nodes and tonsils: very small 

Family history of similar disease in other males (in primary deficiency) 
Serum immunoglobulins: very low or absent 

Isohemagglutinins: very low or absent 

Schick test: positive even after DPT immunization 

Antibody response (e.g., to typhoid-paratyphoid antigen) — poor or absent 
Plasma cells: absent in bone marrow, lymph nodes and lamina propria 


Lymph node biopsy: poorly developed lymphoid follicles and germinal centers in far cortical 
regions 


Complications: arthritis, malabsorption, leukemia 


Table 2. Cell-Mediated Immune Deficiency Syndrome 


Severe viral infections: rubeola, varicella, cytomegalic inclusion disease virus 
Smallpox vaccination may lead to progressive vaccinia 

Severe fungal infections: moniliasis, histoplasmosis 

Fatal generalized BCG reactions 

Lymph nodes and tonsils: very small 

Family history of infant deaths 

Fatal graft-versus-host reactions following fresh blood transfusion 
Lymphopenia 

Skin tests: negative (e.g., to candida, streptokinase/streptodornase, PPD) 
DNFB skin test: no response even after sensitization dose 

Skin graft rejection: poor or absent 

Lateral chest x-ray: thymus shadow not visualized 

Lymph node biopsy: deep cortical area depleted of lymphoid elements 
Bone marrow: very few small lymphocytes 

In vitro lymphocyte responses to PHA, allogeneic cells, antibody: poor 


Complications: lymphomas, reticulum cell sarcoma, solid tissue sarcomas, carcinomas, 
epitheliomas 
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Figure 2. A, Diagram depicting thymus-dependent and thymus-independent regions 
of a lymph node. 

B, Antigenically stimulated lymph node from a normal child showing abundant lymphoid 
population of thymic-independent and thymic-dependent areas, prominent lymphoid fol- 
licles with germinal centers in far cortical regions. 

C, Lymph node from child with Bruton-type agammaglobulinemia showing lymphoid 
depletion and lack of follicles and germinal centers in far cortical area. Thymic-dependent 
region is intact. 

D, Lymph node from patient with DiGeorge syndrome showing markedly depleted lym- 
phoid elements in deep cortical thymic-dependent region. Thymic-independent lymphoid 
follicles with germinal centers are seen in far cortical areas. 


The prototype disease in which humoral immunity is lacking is the 
sex-linked recessive form of agammaglobulinemia, also referred to as 
congenital or Bruton-type agammaglobulinemia. These patients, always 
males, when untreated are particularly prone to repeated infections with 
high-grade encapsulated pyogenic pathogens. Pneumococcus are the 
most frequent offenders: Haemophilus influenzae, Streptococcus, men- 
ingococcus and Pseudomonas aeruginosa also produce frequent and life- 
threatening infections in these patients.” They produce little or no 
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immunoglobulin of any class; antibody response even to repeated 
antigen stimulation is extremely deficient or lacking altogether; plasma 
cells are absent from bone marrow, lymph nodes, and lamina propria 
of the glands and bowel. Isohemagglutinin titers are usually zero and 
the Schick test is positive in spite of numerous attempts at immunization 
with diphtheria toxoid. (The Schick test may be negative after these 
patients have been treated with exogenous gamma globulin which 
contains diphtheria antitoxin. ) 

Patients with this form of congenital agammaglobulinemia usually 
reject skin grafts normally and develop delayed allergy to antigens such 
as diphtheria toxoid, mumps, candida, streptokinase-streptodornase, 
and 2,4-dinitrofluorobenzene; in vitro lymphocyte transformation and 
proliferation in response to phytohemagglutinin (PHA), allogeneic cells, 
and antigen to which the patient has been previously stimulated are 
normal. Lymphocyte populations in the thymus-dependent regions of 
peripheral lymph nodes are normal, while lymphoid follicles and lym- 
phocyte accumulations in the far cortical thymus-independent areas 
are conspicuously absent. These patients do not form plasma cells or 
germinal centers following antigenic stimulation (Fig. 2C). Morphology 
of the thymus from several of these patients studied at autopsy or biopsy 
also has been normal. 

In contrast to their extreme susceptibility to pneumonia, septicemia, 
Meningitis, conjunctivitis, skin, middle ear, and sinopulmonary infec- 
tions, patients with Bruton-type agammaglobulinemia have little trouble 
with recurrent viral or fungal infections and usually have a normal 
reaction to immunization with vaccinia virus.°?:'°° They do, however, 
show an extreme susceptibility to infection with hepatitis virus. This 
infection quite regularly leads to a progressive chronic-active or ful- 
minating hepatitis.'?’ This fact must be kept clearly in mind when blood 
or plasma infusion is considered for such patients. Also interesting is 
the fact that patients with congenital agammaglobulinemia often de- 
velop leukemia to the exclusion of other forms of malignancy.'”* 

Therapeutically, patients with Bruton-type agammaglobulinemia 
respond well to monthly injections of gamma globulin except with re- 
spect to progressive sinopulmonary disease. Recurrent sinopulmonary 
infections make continuing postural drainage, deep breathing exercises, 
and other means of maintaining good pulmonary hygiene an essential 
feature of their long-term management. These clinical findings indicate 
the inadequacies of replacement therapy with gamma globulin, and short 
courses of antibiotics to eliminate offending pathogens are often neces- 
sary. Although such patients may have very small amounts of IgG in 
their plasma, they seem to completely lack IgM, IgA, IgD, and IgE. 

The prototype of cell-mediated immune deficiency syndrome is 
the III-IV pharyngeal pouch disease of DiGeorge (thymic apla- 
sia).°°:49°10?-10°-164 These patients fail to develop both thymus and parathy- 
roids from the anlagen of the third and fourth pharyngeal pouches and 
consequently present soon after birth with hypocalcemic tetany. In their 
peripheral blood and bone marrow, small lymphocytes are lacking. In the 
thymic-dependent areas of the lymph nodes (Fig. 2D), lymphoid cells 
are depleted while thymic-independent lymphoid follicles with germinal 
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centers are abundant in the far cortical regions of the node. Such patients 
fail to reject skin grafts, do not manifest delayed allergy on skin testing, 
and in vitro response of lymphocytes to PHA stimulation and allogeneic 
cells is absent. 

These infants are especially prone to infection with low-grade pyo- 
genic pathogens including the facultative intracellular pyogenic patho- 
gens such as tubercle bacilli, atypical acid-fast bacilli, BCG, Listeria, 
salmonella, and viruses such as vaccinia, rubeola, and cytomegalic in- 
clusion. They also are very susceptible to fungi, especially Candida. 
Immunization with vaccinia or live measles virus vaccine is, therefore, 
contraindicated in any patient with cell-mediated immune deficiency 
syndrome. Because such patients lack ability to reject histoincompatible 
cells, whole blood transfusions containing viable, immunocompetent 
lymphocytes may initiate a rapidly fatal graft-versus-host disease and are 
also contraindicated. If blood transfusion becomes essential, stored blood 
should be obtained, sedimented, the buffy coat removed, and the re- 
maining cells irradiated with at least 3000 R before being administered.®® 

Although critical immunological analyses of neonates with III-IV 
pharyngeal pouch disease are still incomplete, immunoglobulin levels 
appear to be normal or slightly elevated, antibody responses are normal 
to a variety of antibodies, and plasma cells are found in abundance in the 
lamina propria, bone marrow, and lymph nodes. Germinal center devel- 
opment is normal. 

Effective treatment of the immunological deficiency of such patients 
has twice been accomplished by transplanting fetal thymus to provide a 
microenvironment in which differentiation of lymphoid precursor cells 
can take place.” 7? However, reasoning from animal experimentation,’ 
once these cells differentiate to become immunocompetent thymus- 
derived small lymphocytes, they should reject the transplanted thymus, 
ultimately causing the host to revert back to the original immunological- 
ly incompetent status after a prolonged period.”! Evidence that this is 
occurring is already forthcoming in the Cleveland case, suggesting that 
subsequent thymic transplants may be needed in these patients. 

Recently, we have seen an infant with the cell-mediated immune 
deficiency syndrome accompanied not by hypoparathyroidism, but in- 
stead by hypothyroidism.*” Immunoglobulin levels were normal and 
circulating antibodies to adenovirus and Pseudomonas were found, 
although isohemagglutinin could not be detected. No positive delayed 
hypersensitivity responses could be elicited: lymphopenia was present. 
Protein-bound iodine and radioactive iodine uptake determinations were 
low. Anti-thyroid antibodies were present. Calcium and phosphorus 
levels were normal. At postmortem examination, thymus and thyroid 
were not seen grossly and on microscopic examination of tissues high in 
the neck a small dysplastic thymus and fibrotic thyroid gland were found. 
Parathyroids were normal. Many plasma cells could be seen in the lymph 
nodes. This syndrome appears to represent a developmental anomaly 
similar to the DiGeorge syndrome in which derivatives of the embryonic 
anlagen of the second and third pharyngeal pouches rather than third 
and fourth pharyngeal pouches were involved. 
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A number of other patients have been described who also manifest 
a cell-mediated immune deficiency syndrome in the face of normal 
immunoglobulins. *!: ">= In one family reported by Allibone,* one sib- 
ling died of pneumocystis carinii infection, and the other of progressive 
vaccinia. In all such cases, the thymus has been absent or extremely 
aplastic at postmortem examination, while plasma cells are found in 
abundance, demonstrating clearly the relatively independent develop- 
ment of humoral and cell-mediated immunity. 


COMBINED IMMUNOLOGIC DEFICIENCY DISEASES 


Swiss-type lymphopenic agammaglobulinemia (thymic dyspla- 
gia Pb 2 84 61, 6S. 6B, SO, SH“S7, 92, 98, 11S, 125, 142.43. 167 pepresents the hereditary 
clinical counterpart of chickens subjected to both thymectomy and bur- 
sectomy at hatching. Such patients exhibit a humoral immune defi- 
ciency syndrome superimposed upon the syndrome of cell-mediated im- 
mune deficiency. These infants often develop serious life-threatening 
infections with low-grade pyogenic pathogens during the first few 
months of life. In a few, infections seem to be delayed until the second 
half of the first vear, when these infants succumb to overwhelming 
pulmonary infection often caused by Pneumocystis carinii, Pseudo- 
monas, or rubeola, Candida, or other low-grade pathogens. The typical 
morbilliform rash of rubeola is absent when the latter infection occurs 
in these patients, making the diagnosis difficult. These infants suffer 
repeated bouts of otitis media, pyoderma, meningitis and septicemia, 
and diarrhea. Mucocutaneous infections with Candida are especially 
common and can be taken as a hallmark of the disease. 

A great number of these infants die iatrogenic deaths following 
smallpox* or BCG vaccination™ or the administration of fresh whole 
blood containing viable, but histoincompatible, lymphocytes. Fresh blood 
is contraindicated in any patient with lymphopenia until a cell-mediated 
immune deficiency has been ruled out. Blood transfusion to these pa- 
tients, without first irradiating each unit with at least 3000 R, invariably 
results in a fatal graft-versus-host reaction beginning in 7 to 10 days, 
with high fever, morbilliform rash, hepatosplenomegaly, diarrhea, and 
anemia and terminating in pancytopenia and death, usually by the fif- 
teenth day after the transfusion.™® ** °° A fulminating, rapidly fatal form 
of hepatitis, similar to that seen in patients with congenital agammaglob- 
ulinemia, makes pooled plasma infusion equally dangerous in these 
infants. 

When studied diagnostically, these patients present the findings to 
be expected in the combined deficiencies of humoral and cell-mediated 
immunity. Their immunoglobulins are at very low levels or are absent, 
antibody production is nil, delayed hypersensitivity responses cannot 
be elicited even following the skin application of sensitizing doses of 
2.4-DNFB, and skin grafts from allogeneic donors are not rejected. The 
pathogenesis of this disease, however, is different from either the Bruton- 
type agammaglobulinemia or the DiGeorge syndrome and most likely 
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involves a deficient immunoblast stem cell line or absence of this popu- 
lation of cells. Although the thymus is small and rudimentary at post- 
mortem examination in patients with lymphopenic agammaglobuline- 
mia and gut-associated lymphoid tissue is poorly developed and depleted 
of lymphoid elements, the fact that these structures can supply compe- 
tent microenvironments for differentiative influence upon immunoblasts 
from a normal individual has been clearly established by the successful 
reconstitution of these infants with lymphopenic agammaglobulinemia 
using bone marrow from HL-A compatible donors.*” !!® Marked lymphoid 
depletion is found in both the thymic-dependent and thymic-independent 
regions of the lymph node of such patients. 

The HL-A locus is a multiallelic locus controlling inheritance of 
major histocompatibility differences in man.' !”>!6 It is similar in its 
control of individuality differences to the H-2 locus in mice,'*” the AgB 
locus in rats,** and the B locus in chickens.'** As in the mouse with re- 
spect to the H-2 locus, transplants of bone marrow across the barrier 
provided by differences at the HL-A locus has proved most difficult and 
up to the present inordinately treacherous.®! Histocompatibility of HL-A 
antigens is especially important when attempting to transplant bone 
marrow into immunologically incompetent individuals because lympho- 
cytic elements in the transplanted bone marrow have the capacity to 
attack the recipient directly if the latter contains antigens recognized by 
these cells as foreign. The recipient, being unable to recognize and re- 
ject the grafted lymphoid cells, is vulnerable to initiation of fatal graft- 
versus-host reactions as described above. HL-A identical individuals, 
very rare in the general population, have been recognized among one in 
four siblings of the potential recipient.'° Following classical Mendelian 
genetic inheritance patterns, HL-A heterozygous parents of an infant 
with lymphopenic agammaglobulinemia will be only hemiallelic to the 
child at this locus, and therefore, are not considered good potential donors 
for bone marrow transplantation at the present writing. Following a suc- 
cessful “take” of bone marrow in such infants, immunological reconsti- 
tution has been observed within 2 to 3 weeks as reflected by the appear- 
ance of isohemagglutinin titers, in vitro blast transformation of small 
lymphocytes, appearance of karyotypes attributable to donor lympho- 
cytes, and development of plasma cells producing all types of immuno- 
globulins in amounts ultimately reaching normal levels. Such reconsti- 
tuted individuals also develop capacity for antibody synthesis and secre- 
tion in response to a variety of antigens.” !” 

When Swiss-type lymphopenic agammaglobulinemia was first looked 
for in the United States, most infants found were males from families 
with histories of as many as 13 previous male deaths under 1 year of age: 
female members were healthy and appeared to be carriers of a sex- 
linked or sex-limited gene for what was then called sex-linked lympho- 
penic immunologic deficiency.*) *” % 120. 143-176 The progression of this 
disease seems perhaps less fulminant than the Swiss type, some infants 
living beyond 1 year of age, but the disease is still regularly fatal by the 
end of the second year. The immunologic deficiencies involve both sys- 
tems of cells and the types of infection and clinical findings are very 
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similar to those which are observed in the autosomally inherited Swiss- 
type agammaglobulinemia. 

Of interest, when diagnosed early, infants with sex-linked lympho- 
penic agammaglobulinemia, although they lack peripheral small lympho- 
cytes like the Swiss form, sometimes seem to have cells with the morpho- 
logical appearance of small lymphocytes in bone marrow.” At post- 
mortem examination, these infants are not totally devoid of lymphoid 
cells and seem to possess a small amount of lymphoid tissue and lym- 
phoid organization in the lymph nodes, bone marrow, and spleen. In the 
thymus of these infants, instead of complete lymphoid depletion and lack 
of architecture as is seen in the Swiss agammaglobulinemics, a few lym- 
phocytes and whorls of reticuloepithelial cells are seen, giving this 
organ a rather distinctive appearance. (Because this whorled pattern 
resembles Van Gogh’s painting “A Starry Night,” the description “Van 
Gogh thymus” seems appropriate in these cases.) 

The pathogenesis of these two forms of lymphopenic agammaglo- 
bulinemia is probably very similar since successful immunologic recon- 
stitution with bone marrow transplantation from an HL-A compatible 
donor was originally accomplished by giving bone marrow and peripheral 
blood buffy coat to a male infant with the sex-linked form of this dis- 
ease*” |'6 and has now been repeated in two other infants with the non- 
sex-linked form of lymphopenic agammaglobulinemia using just bone 
marrow in one patient® and bone marrow and thymus in the other.*» The 
first child is now 17 months post transplantation, has normal immuno- 
globulin levels, good in vitro response of lymphocytes to PHA, and 
normal cell-mediated and humoral immune responses, and is growing 
and gaining weight well. 

Another familial form of combined immunologic deficiency or 
lymphopenic agammaglobulinemia has recently been described in asso- 
ciation with a distinctive form of short-limbed dwarfism and ectodermal 
dysplasia.** In one family, both a brother and sister were affected: the 
immunologic disease resembled Swiss-type agammaglobulinemia in 
every way except for markedly enlarged lymph nodes which microscop- 
ically were empty, structureless nodes similar to those characteristic 
of Swiss agammaglobulinemia. The dwarfism, erroneously referred to as 
achondroplasia in previous isolated cases with this syndrome, has not 
been seen alone or in conjunction with any other disease and is, thus, 
distinctive of this entity. Ectodermal dysplasia was also noted in the two 
siblings studied in Minneapolis and New York but was not present in 
previously described patients. While this may or may not be part of the 
syndrome, a similar acquired ectodermal dysplasia accompanied by an 
icthiosoform erythrodermia similar to the rash seen in one of these 
siblings has recently been observed during a graft-versus-host reaction 
following bone marrow transplantation in another patient with lympho- 
penic agammaglobulinemia. It is possible, then, that the ectodermal 
dysplasia seen in these two siblings represented an ongoing chronic 
graft-versus-host reaction secondary to maternal lymphocytes trans- 
ferred to these immunologically incompetent infants before birth. A 
similarity between this entity and the cartilage-hair syndrome seen 
among the Amish has been noted**: 17-114 and deserves further study. 
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PARTIAL IMMUNOLOGIC DEFICIENCY DISEASES 


Two entities in this group of partial deficiencies have already been 
described as prototypes of the two basic immunologic deficiency syn- 
dromes— congenital sex-linked agammaglobulinemia and III-IV pharyn- 
geal pouch syndrome of DiGeorge. A number of other immunologic 
diseases have been described in which some of the immune responses 
described above, both humoral and cell-mediated, are intact and the 
immunologic deficit is only partial, e.g., isolated IgA deficiency and Wis- 
kott-Aldrich syndrome. In these entities, the term “partial” has meaning. 
In several others, such as ataxia-telangiectasia and late-onset (acquired) 
hypogammaglobulinemia, the partial deficit is variable early in the dis- 
ease and may progress in the later stages to almost total immunologic 
deficiency, similar to that seen in patients with lymphopenic agamma- 
globulinemia. Here, the term “partial’’ becomes inadequate. Similarly, 
when serum concentrations of specific types of immunoglobulins are 
followed for prolonged periods in individual patients or are studied 
among members of a family, relationships of one to the other change, 
leaving classifications like the dysgammaglobulinemias types I, II, III, 
and IV with little meaning.'*4 Such are the problems of trying to group 
the immunologic deficiency diseases.'#° Indeed, even “primary” immuno- 
logic deficiencies may not all turn out to be truly primary, i.e., hereditary, 
as new evidence is brought forth. Certainly, within that heterogeneous 
group, the late-onset (acquired) hypogammaglobulinemias, there will 
eventually be defined several acquired deficiencies. An example of the 
relationship to which we are alluding is the continuing rubella infection 
introduced during embryonic life. Such patients have on several occa- 
sions been found to have generalized hypogammaglobulinemia and 
lymphoid tissue deficits, others to have lymphocytes in peripheral blood 
unresponsive to PHA, allogeneic cells, and antigens to which the host has 
been stimulated.*®* *° Many have hypogammaglobulinemia of the IgG 
immunoglobulin, but moderate to marked increase in IgM levels. Such 
patients have an acquired “dysgammaglobulinemia” due to infection 
with the rubella virus during embryonic life. In many instances, but not 
all, the disturbed immunoglobulin levels gradually return to normal upon 
elimination of the virus excretory phase of the extended rubella syn- 
drome. At present, however, based on numerous family studies which 
have shown a high frequency of other immunologic abnormalities and 
autoimmune disease among relatives of some of these patients, it seems 
likely that the majority of patients in this group have “primary” immuno- 
logic disease. 

Individuals with isolated IgA deficiency™ '*'°-'* allow us the 
unique opportunity to further dissect the relationships of humoral 
immune deficiencies to clinical findings. As an entity, IgA deficiency has 
no characteristic syndrome. The incidence of this immunoglobulin de- 
ficiency is estimated at about 1:1000 in the general population. Some 
individuals with complete absence of serum IgA seem to have no asso- 
ciated disease. On the other hand, symptomatic patients suffer from 
three types of illness: (1) sinopulmonary disease, (2) intestinal malab- 
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sorption and a sprue-like syndrome, and (3) autoimmune disease, such 
as rheumatoid arthritis, lupus erythematosus, and thyroiditis. Pulmonary 
hemosiderosis,!°*’ !!° severe hepatic cirrhosis, and chronic adrenal insuffi- 
ciency have also been seen in association with isolated IgA deficiency. 

The roles of IgA and IgE deficiency in sinopulmonary infections will 
be discussed under ataxia-telangiectasia. Celiac syndrome and auto- 
immune diseases are common among patients with generalized im- 
munoglobulin deficiencies such as congenital and late-onset agammaglo- 
bulinemia and are thus very much a part of the humoral immune defi- 
ciency syndrome discussed earlier. While the relationship of IgA 
deficiency to the latter diseases is far from clear, it now appears that a 
major role for IgA in the body economy may be to provide a local antibody 
system capable of acting as blocking antibody for allergenic substances 
from the gastrointestinal tract, e.g., foods and microorganisms, which if 
allowed to enter the host in their natural state might have the propensity 
to provoke immune responses which would cross-react with host tissues, 
thereby producing autoimmune diseases. High titers of antibody, in- 
cluding precipitating antibody for example, to bovine serum albumin 
have been observed in patients with IgA deficiency. Anti-thyroid anti- 
bodies and rheumatoid factors are also commonly found in these pa- 
TENUSt wackee 

Morphologic studies have revealed an interesting relationship be- 
tween IgA levels and IgA-producing plasma cells in the lamina propria 
of the intestine and the lymph nodes. As demonstrated by immunofluor- 
escent studies in patients with severe IgA deficiency, few if any IgA- 
producing plasma cells are seen in the gut. By contrast, in some of these 
patients a reciprocal increase in plasma cells producing other types of 
immunoglobulins is observed.” *! On the other hand, except for this 
paucity of IgA-producing plasma cells and an occasional patient who 
may exhibit nodular lymphoid hyperplasia,’ the lymphoid tissues of 
patients with IgA deficiency are normal. 

Therapeutically, the sprue-like syndrome of these patients some- 
times responds favorably to a gluten-free diet, although IgA levels do 
not return to normal. Fresh plasma infusions have seemed to be of some 
benefit to the patients with intestinal malabsorption and to those with 
chronic respiratory infections whose plasma lacks IgA immunoglobulins. 

Another primary immunologic disease characterized by dual sys- 
tem, but partial, immunologic deficiencies is Wiskott-Aldrich syn- 
drome.'* 779. 104 These children, always males, have chronic eczema, 
thrombocytopenia, and recurring, life-threatening infections of skin, 
lungs, and other tissues. Death usually occurs during childhood from (1) 
an overwhelming pulmonary infection with one of many different bac- 
terial infections, generalized and devastating herpes simplex, varicella, 
or Pneumocystis carinii; (2) massive bleeding secondary to the thrombo- 
cytopenia; ™° or (3) a strange form of lymphoreticular malig- 
nancy.” *?- 191. 130, 139. 165 Inducing a fatal graft-versus-host disease by trans- 
fusing fresh, whole blood containing viable histoincompatible lympho- 
cytes into these patients is also an ever-present danger, since late in their 
disease cell-mediated responses deteriorate and are accompanied by the 
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expected depletion of lymphocytic elements in peripheral blood, bone 
marrow, and peripheral lymphatic tissues. Morphologic changes in the 
thymus have not been present. The depressed cell-mediated responses 
may be related to the appearance of malignancy in so many of these 
children. 

From the studies of Cooper et al.’ it is now clear that patients with 
Wiskott-Aldrich syndrome have a primary defect reflected in an inability 
to process and respond normally to polysaccharide antigens, such as 
pneumococcal polysaccharide and Vi antigens. As a reflection of this 
deficit, these patients lack isohemagglutinins and natural heterolysins. 
Since response to many polysaccharide antigens is reflected in IgM type 
antibodies, it is not surprising that IgM levels are regularly low in these 
patients. By contrast, IgA concentrations occasionally are extremely 
high while IgG levels may be normal or slightly increased. Of further 
interest, Baldini has recently described in Wiskott-Aldrich platelets a 
defect in glycolysis, possibly due to a hexokinase deficiency’ which, if 
successfully demonstrated in the skin and antigen-processing cells as 
well, would surely represent a major mechanism of bodily defense 
against a number of microorganisms and perhaps against malignancy as 
well. 

Until recently, these children have been treated by conventional 
means, e.g., antibiotics and platelet and blood transfusions. In 1968, 
Bach et al. succeeded in transplanting bone marrow from an HL-A com- 
patible sibling into a 2 year old boy with this disease."' This transplant 
seems to have taken and perhaps to have alleviated the need for frequent 
platelet transfusions and treatment of frequent infections. The in- 
fluence of the successful marrow transplant on this patient is not so 
clear cut and dramatic as have been those successful transplants of mar- 
row in patients with lymphopenic immunologic deficiency. 

Patients with ataxia-telangiectasia™ *:*>'!°! should, perhaps, be 
discussed among the combined immunologic deficiency diseases, since 
when properly studied they can often be shown to have deficient immu- 
nologic responses of both humoral and cell-mediated immune responses, 
even early in their disease.** !%- 1-175 However, when first seen, their 
immunoglobulin levels may be normal or their immunologic deficiency 
limited to a decrease of IgA levels. Approximately 60 per cent of these 
patients ultimately lack IgA in their serum, saliva, and both nasopharyn- 
geal and gastrointestinal secretions. This IgA deficiency was until re- 
cently thought to be causally related to the extremely high frequency of 
viral and bacterial sinopulmonary infections in these patients. Now it 
seems that IgE levels are also very low in patients with severe sinopul- 
monary disease, including a few patients with ataxia who have normal 
IgA levels. Conversely, patients with isolated IgA deficiency do not us- 
ually exhibit a high frequency of sinopulmonary infections. These facts 
led us to re-examine our patients with ataxia-telangiectasia and we 
found that, indeed, the lack of IgE, rather than or along with IgA, cor- 
relates even better with their susceptibility to sinopulmonary disease 
than does absence of IgA alone.* 

Other immunoglobulin deficiencies have been described in this 
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group of patients. Antibody responses, especially to certain rather weak 
antigens, are variable but generally inadequate. Plasma cells are usually 
present and in most cases germinal centers can be found. 

Probably the most consistent immunologic deficiency in ataxia- 
telangiectasia is the deficiency of cell-mediated immune response. Peter- 
son et al.,!°* > in our laboratories, skin grafted seven patients; the homo- 
grafts survived for prolonged periods of time on all seven. Capacity to 
develop delayed hypersensitivity was deficient in all patients whom we 
tested using both a battery of skin tests and direct stimulation with 
2.4-DNFB. Eisen, however, reported a positive response to Candida 
antigen in a child with this disease, 18 days after monilial vulvovagini- 
tis.2 Attempts at passive transfer of delayed hypersensitivity with 
leukocytes from individuals known to be sensitive to PPD, SK/SD, and 
mumps to these children were unsuccessful, while a normal control 
became positive. These observations have since been confirmed by 
others. Lymphopeniais a common finding: 35 per cent of patients studied 
by Peterson et al.'*4 had total peripheral lymphocyte counts under 1000 
per cu. mm. In vitro responses of lymphocytes to PHA, allogeneic cells, 
and antigens are markedly depressed. It is of interest in this regard that 
patients with ataxia-telangiectasia have been observed to recover nor- 
mally from viral infections with rubeola, mumps, and varicella, suggest- 
ing that their cell-mediated immune responses were still present at least 
to some degree at the time these infections occurred. 

At postmortem examination, the thymus is regularly found to be 
embryonic, and to lack Hassall’s corpuscles and corticomedullary differ- 
entiation. Lymph nodes show depletion of lymphocytes in thymic-de- 
pendent regions; lymphoid follicles and germinal centers in the far 
cortical thymic-independent areas are usually poorly developed. Absence 
of ovaries and other ovarian abnormalities have been described in several 
patients. 

Ataxia almost always precedes telangiectasia, often becoming ap- 
parent before 1 year of age. Genetic patterns suggest an autosomal re- 
cessive inheritance. Later in the course of the disease, lymphosarcoma, 
reticulum cell sarcoma, reticular malignancies, carcinoma, and Hodg- 
kin’s disease develop with the fantastically high frequency of at least 1 
in 10.29: 37, 134, 135 

Treatment of this disease is inadequate. We are currently evaluating 
plasma infusions using the “buddy system” of Fudenberg et al.* in these 
patients. Much more must be learned of the relation of the ataxia-telangi- 
ectasia, malignancy and the dual system immune deficiency in these 
patients. The possible role of a continuing slow virus infection as a basis 
for the entire spectrum of disease has been raised, but as yet no direct 
evidence supports this view. 

Probably the most difficult of all the immunologic deficiency diseases 
to define at the present time is late-onset (acquired) hypogammaglo- 
bulinemia. This difficulty is almost certainly due to the fact that this is 
not a homogeneous group but rather a wastebasket of a number of en- 
tities which will be sorted out during the next decade. Within this group 
of patients we include: sporadic agammaglobulinemia, the various types 
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of dysgammaglobulinemias, so-called acquired agammaglobulinemia, 
and primary immunologic deficiency of adults.5% 74 7: 138-146. 149 When 
taken together as a group, late-onset (acquired) hypogammaglobuline- 
mia represents the most common form of immunologic deficiency in the 
general population. As our experience broadens, we are also coming to 
realize that some patients previously assumed to have the congenital 
form of agammaglobulinemia may actually have been immunologically 
normal at some time prior to diagnosis. (This may apply to Bruton’s 
original patient as well.)?! 

In individual patients, demonstrated immunologic deficiencies 
correlate well with clinical findings described above (Tables 1 and 2). 
Some patients, adults and children, have very low levels of all immuno- 
globulins, lack isohemagglutinins, have a positive Schick test following 
diphtheria toxoid immunization, and form antibodies poorly in response 
to repeated antigenic stimulation. These individuals are plagued by 
repeated infections with high-grade, encapsulated, pyogenic, extra- 
cellular pathogens such as pneumococcus, H. influenza, meningococcus, 
streptococcus, and Pseudomonas. Treatment with monthly injections of 
gamma globulin or plasma from a single donor has been effective in 
minimizing severe, life-threatening infections; however, repeated bouts 
of pneumonitis ultimately compromising respiratory functions are a 
great problem. Rheumatoid arthritis, dermatomyositis, intestinal malab- 
sorption, pernicious anemia, and even asthma and allergy occur with 
high frequency among these patients.*” °° 

Deficient cell-mediated immune responses are often encountered 
and quite regularly are present late in the course of the disease as re- 
flected by absent delayed allergic skin responses and poor in vitro blast 
transformation of lymphocytes after stimulation with PHA, allogeneic 
cells, and antigens. Lymph node biopsies reveal highly variable patterns. 
They often show defects of the population of cells in the deep cortical 
areas as one would expect with deficits of cell-mediated immunities. 
Sometimes they reveal striking hyperplasia of reticulum component 
and often marked follicular hyperplasia. The latter finding is most dra- 
matic and in some instances has led to the diagnosis of Brill-Symmers 
disease or benign lymphoma. In some patients whom we have placed in 
this mixed bag, one encounters striking hyperplasia of lymphoid tissue 
in the ileum and even the colon. Regularly, in direct proportion to the 
deficiency of the several immunoglobulins, plasma cells are lacking in 
the lymphoreticular system. Many rather elaborate schemes to place 
these patients in groups according to which immunoglobulin is lower 
or higher have been attempted.” 4! !** 4° We and others have found, 
however, that these numbered classifications of dysgammaglobulinemia 
are unsatisfactory for the following reasons. A patient may be classified 
as having one type of dysgammaglobulinemia at one time only to be 
studied later and found now to have pan-hypogammaglobulinemia. 
Different members of a family where there is obviously an hereditary 
pattern will have hypogammaglobulinemia, dysgammaglobulinemia of 
type I, or dysgammaglobulinemia of type II. When one studies the iso- 
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lated immunoglobulins of such patients they are often abnormal in a 
variety of ways. They may have abnormal ratios of the kappa and lambda 
light chains, they may have electrophoretic heterogeneity, they may fix 
complement poorly in the aggregated state, and the IgG immunoglobu- 
lins may have an unusual distribution of their subgroups as shown by 
Yount et al.'”? Further, these patients have a propensity to derive from 
families with unusually high frequency of autoimmune diseases, lym- 
phoreticular malignancies, hematopoietic perturbations, and the like. 

It seems certain to us that as we learn more of these diseases and 
their basic genetic mechanism, at least several subgroups will sort out. 
Some families seem to reveal autosomal recessive inheritance, others an 
autosomal dominant pattern where immunologic deficiency is but one 
means of expressing the inherited abnormality. Illustrating the fact that 
with further study these are likely to sort out into separate groups is one 
hypogammaglobulinemic boy whom we have studied whose healthy 
mother and father each showed a different abnormality of distribution of 
IgG subgroups. The boy, with IgG subgroup anomalies reflecting the 
influence of the different genetic anomaly of each parent, is hypogamma- 
globulinemic and by clinical and laboratory analysis is immunologically 
defective.!” 

A word must be said of the susceptibility of this group of patients to 
malignancies. '77 As with the sex-linked recessive form of immuno- 
logical deficiency described above, the patients with the late-onset 
(acquired) hypogammaglobulinemia are inordinately prone to exhibit 
lymphoid malignancies and lymphomas and leukemias, often occurring 
many years after diagnosis of the immunologic deficiency has been made. 
Unlike the children with congenital sex-linked agammaglobulinemia, 
these patients have exhibited a wide variety of reticulum cell sarcomas, 
solid tissue sarcomas, carcinomas, and epitheliomas. The broader base 
of their immunologic deficiency, involving, as it often does, the two 
separate systems of the immunological apparatus, may account for this 
relationship. Deficiency of a broader spectrum of the cells involved in 
immune surveillance may account for this difference in the kinds of 
malignancy in the two diseases. 


SECONDARY IMMUNOLOGIC DEFICIENCIES 


Thus far, we have discussed only those immunologic deficiency 
diseases which appear to be primary in nature. We must turn now toa 
group of diseases in which immunologic deficiencies develop in persons 
without basic genetic perturbations of the immunologic apparatus. 

The secondary immunologic deficits seen in patients with intestinal 
lymphangiectasia result from loss of serum immunoglobulins and 
lymphocytes into the lumen of the bowel, producing the combined im- 
munologic deficiency syndrome which can mimic, usually in an older 
patient, all of the clinical findings of lymphopenic agammaglobulinemia. 
Patients with intestinal lymphangiectasia may present with all or part of 
a spectrum of disorders ranging from isolated hypoalbuminemia with 
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peripheral edema and ascites, to chyloperitoneum, hypocalcemia, severe 
depletion of all serum proteins, including all types of immunoglobulins 
and antibodies, and lymphopenia associated with a markedly prolonged 
skin homograft rejection.!!” !%6 161.177 While the pathogenesis of this 
spectrum of diseases is poorly understood, two types of abnormalities 
have been demonstrated in these patients: (1) lymphatic fistula into the 
upper small intestine!** !” which can be repaired surgically, and (2) 
dilation of the lacteals of intestinal villi suggestive of lymphatic obstruc- 
tion or stenosis” prior to emptying of the thoracic duct into the innomi- 
nate vein. Intestinal biopsy is an important diagnostic procedure in 
differentiating between such patients, although, if only skip areas of 
lacteal dilatation are involved in a given patient, these may be missed by 
a single biopsy and the results misinterpreted. Patients with this group 
of diseases usually respond well initially to a medium-chain triglyceride 
diet: the serum proteins, including the immunoglobulins, return to 
normal levels, hypocalcemia is corrected, lymphocyte counts rise, and 
all immunologic functions return.” !7% 

Thymoma-agammaglobulinemia, first described by Good et al. in 
1954,* #°§ is another immunologic deficiency syndrome which appears 
to develop in previously normal individuals. In one patient, the agamma- 
globulinemia was shown to occur 12 years after the discovery of the thy- 
moma. In other patients, many years of good health were enjoyed prior 
to appearance of this syndrome, suggesting that immunoglobulin con- 
centrations and antibody responses were previously intact. Once the 
humoral immune deficiency is established, however, 95 per cent of these 
patients suffer from chronic bronchitis, bronchopneumonia, and lobar 
pneumonias. Other infections such as stomatitis, sinusitis, septicemia, 
pyoderma, meningitis, gastroenteritis, and pyelonephritis are common. 
Periods of transient myasthenia-like weakness have also been observed. 

Post mortem, cytomegalic inclusion body disease and pneumocystis 
has been documented in several cases. Plasma cells are absent from or 
deficient in marrow, lymph nodes, and lamina propria, explaining the 
extreme immunoglobulin deficiencies and poor antibody responses often 
observed. Eosinophils are also absent, in many of these, from both 
peripheral blood and bone marrow. 

Cell-mediated immune responses are deficient in some patients as 
reflected by progressively declining peripheral lymphocyte counts, in- 
ability or deficiency in manifesting delayed allergic skin reactions to 
2,4-DNFB, poor in vitro lymphocyte responses, and prolonged skin homo- 
graft survival. Removal of the thymoma has no corrective effect on the 
immunologic deficiencies. Approximately 40 such cases of this combined 
immune deficiency with thymoma have been discovered. 

Probably the most common of the secondary immunologic deficiency 
syndromes is that seen following viral infections, such as rubeola and 
rubella. An anergic response to PPD in previously skin test positive 
children following measles infections has been common pediatric lore 
since the studies of Von Pirquet.'*” '7! More recently, Smithwick et al. 
showed that lymphocytes from tuberculin positive patients would not 
respond in vitro to tuberculin during rubeola infection.’ Further, these 
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investigators showed that introduction of measles virus to sensitized 
lymphocytes in vitro inhibited their responses to PPD.'’” Even rubeola 
vaccine, both in vitro and in vivo, produced the anergic state.’* Humoral 
immune responses, where studied in these patients, revealed no apparent 
inhibition of antibody or immunoglobulin synthesis. In infants with 
congenital infections, such as rubella, cytomegalic inclusion disease, 
toxoplasmosis, and syphilis, humoral immune mechanisms are unusual 
in that IgM levels are markedly elevated at birth.‘° In patients with 
lepromatous leprosy, cell-mediated immune responses are progressively 
depressed with ongoing disease,'® a fact which may be related to the 
development of Hodgkin’s disease and lymphoma in a number of these 
patients in the late stages of the disease.‘ 

Immunological deficiencies, in some ways similar to that observed 
with the rubeola virus and in some instances more extensive and of 
broader base, are seen with rubella infections of man. Here again both in 
vivo and in vitro responses to PHA, allogeneic cells, and antigens for 
which stimulation has been provided are inhibited.*® ’° As mentioned 
earlier, occasional hypogammaglobulinemia and frequent ‘“dysgamma- 
globulinemia’”—high IgM, low IgG—has been encountered. In vitro 
prevention of responses to PHA, allogeneic cells, and antigens to which 
the host has been immunized can also be accomplished by infecting 
lymphocytes in vitro with rubella.’”® Similar influences with other myxo- 
viruses, e.g., Newcastle’s disease virus and influenza virus, have been 
encountered. 


IMMUNOLOGIC DEFECTS IN MALIGNANCIES 


Immunologic deficits are regularly observed in patients with certain 
forms of malignancy. ® It is not certain, however, just what the rela- 
tionship of the immune deficit and the malignancy may be. The high 
incidence of malignancy among patients with various forms of im- 
munologic deficiency diseases, both congenital and acquired, argues 
that immunologic mechanisms are important in the bodily defenses 
against developing malignancies. Nonetheless, patients with Hodgkin’s 
disease may be almost normal immunologically early in the course of the 
disease, and deterioration of cell-mediated immune responses occurs 
with progression of their disease. These deficits of cell-mediated im- 
munity are reflected by deficiencies of delayed hypersensitivity skin 
testing” and skin homograft survival,” resistance to sensitization by 
antigens such as 2,4-DNFB and even to acceptance of transfer of delayed 
allergy by lymphocytes from healthy sensitized donors.” Further, the 
lymphocytes of patients with Hodgkin’s disease do not respond normally 
in vitro to phytohemagglutinin, allogeneic cells, or antigens to which 
they have been exposed.' *? In striking contrast to their deficits of the 
cell-mediated immunities, patients with Hodgkin’s disease retain their 
immunoglobulin levels and their capacity to form antibodies to most 
antigens. Aisenberg has emphasized that with some antigens primary 
antibody responses are slightly defective. It is of interest that patients 
with Hodgkin’s disease are prone to develop tuberculosis, cryptococcosis, 
and certain fungus and virus infections. 
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When studied early in the course of their disease, patients with chronic 
lymphatic leukemia have demonstrable deficits of both cell-mediated and 
humoral immunities.”® "8 As the disease progresses, more than 
50 per cent of such patients will develop clinically significant hypo- 
gammaglobulinemia. Their dual system deficits of cell-mediated and 
humoral immunity are part of the basic process and cannot be attributed 
to the therapy being used. In view of these immunologic deficits, it is 
not surprising to find new neoplasms developing in over one third of 
patients with chronic lymphatic leukemia.” 

In multiple myeloma, the marked increase of one monoclonal im- 
munoglobulin and the extensive proliferation of plasma cells is often 
accompanied by inordinate susceptibility to infection with pneumococci 
and other high-grade encapsulated pathogens, lower than normal levels 
of all the normal immunoglobulins, and defective production and secre- 
tion of antibody to a variety of antigens.!"!: '*° Such deficits in these pa- 
tients stand in striking contrast to the integrity of their cell-mediated 
immunities. They can often reject homografts with vigor, develop and 
express delayed allergy normally, and do not seem inordinately suscep- 
tible to fungi and the facultative intracellular bacterial pathogens. 

When patients with acute lymphatic leukemia of childhood are 
studied early in the course of the disease, humoral immune responses, 
immunoglobulin levels, and cell-mediated immune responses seem to 
be intact. After prolonged cytotoxic and anticancer chemotherapy, 
however, very profound defects of cellular and humoral immunity are 
encountered, which are at least in major degree reversible upon dis- 
continuation of the cytotoxic agents, which also act as immunosup- 
pressives.** *? This iatrogenic immune deficiency is often accompanied 
by infections with opportunistic pathogens, such as the inclusion body 
virus, pneumocystis, and low grade bacterial pathogens. 

In the scheme presented at the beginning of this dissertation, the 
patients with Hodgkin’s disease have secondary depression of their 
thymus-dependent lymphoid system; the myeloma patients secondary 
depression or deviation of responses of the thymus-independent system; 
patients with chronic lymphatic leukemia dual system deficiencies; and 
patients with acute lymphatic leukemia little or no perturbation of either 
system as such. Although many patients with carcinoma show normal 
immune responses and immunoglobulin levels, progression and exten- 
sion of the epithelial malignancies is often accompanied by progressive 
deficiencies of cell-mediated immunity.” Although the exact basis of 
this defect is not known, it might have an important influence on the 
progression of certain cancers and susceptibility to second primary 
malignancies. 


IMMUNOSUPPRESSIVE THERAPY 


Immunosuppression, as applied to organ transplantation in man, 
has provided another clinical model of acquired immunologic deficiency. 
Prednisone, azathioprine (Imuran), cytotoxic drugs, and amethopterin 
all have been used and all depress both cellular and humoral immunities 
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in the doses employed in man. More recently antilymphocyte serum, 
which in man as well as in animals depresses primarily the cell-mediated 
immunities, has been introduced into the transplant programs. 

Immunosuppression of this sort is, as would be expected, a two- 
edged sword, introducing high frequency of infections with both high- 
grade and low-grade pyogenic pathogens. Further, immunosuppressive 
regimens have made possible the transplantation of malignancy as well 
as the occurrence of de novo malignancy in far too high a frequency. 
Such malignancies have been both epithelial and lymphoreticular in 
nature.!” 

The links between the immune system and malignancy are le- 
gion.’ ®° Carcinogens are regularly immunosuppressive. All immuno- 
suppressive agents foster carcinogenesis. Indeed, malignancies have 
even developed locally at sites of injection of antilymphocyte globulin.** 
Even temporary suppression of host response, for example by virus, 
might foster malignant development. If, as seems the case, many viruses 
can suppress immunity and some can induce transformation of cells 
to a malignant clone, a virus capable of depressing immunity long 
enough might foster a malignant adaptation fortuitously associated 
with its influence. This hazard would be particularly likely to be ex- 
pressed if the viral influence were capable of both suppressing im- 
munity and inducing a malignant transformation. Even if such influence 
were only transient, were the capacity of the immune response to elim- 
inate a malignant clone limited to a critical size of that clone, temporary 
depression of host response could be sufficient to allow such a clone to 
exceed that critical size, thereby escaping the immunologic defenses 
and establishing the malignancy. 


SUMMARY 


The immunological deficiency diseases may be considered in terms 
of two basic syndromes: (1) the humoral immune deficiency syndrome, 
a thymus-independent deficiency characterized by low or absent levels 
of immunoglobulins and antibodies and recurrent, severe, primarily 
bacterial infections; and (2) the cell-mediated immune deficiency 
syndrome, a thymus-dependent deficiency characterized by lympho- 
penia and severe, primarily viral and fungal infections. Symptoms, 
treatment, constellations of infection, and forms of malignancy further 
characterize each syndrome as it is expressed in varying degrees in the 
primary and secondary immunological deficiency diseases. The role of 
host immune mechanisms in the development of malignancy can also 
be considered in terms of this dichotomy. 
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We choose to break with the traditional method of presenting 
illustrations and show one as the first portion of this document. Figure 1 
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Figure 1. Arbitrary grouping of patients according to their cardiac or circulatory com- 
petence. See text for detailed discussion. 
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illustrates how patients may be grouped according to their cardiac or 
circulatory competence. The subject with a normal heart and with nor- 
mal heart function will be found at one end of the scale and a patient 
with heart disease and intractable heart failure despite all treatment is 
found at the other end of the scale. Figure 1 illustrates the categories of 
patients that may be found in between the extreme ends of this clinical 
spectrum. Whereas the categories of patients may overlap each other, it 
is nonetheless valuable to view them as identifiable entities. 

Group 1 consists of patients with normal hearts who have normal 
heart function. By definition these patients cannot have heart failure. 
From a conceptual point of view, it is important to recognize that evena 
normal heart cannot tolerate an infinite load. Accordingly, pulmonary 
congestion, edema, and high venous pressure can be produced in such 
patients when the circulation is overloaded with excessive fluid. 

Group 2 consists of patients whose hearts are abnormal but cardiac 
function remains adequate. This group is highlighted here because 
the identification of such a group compels a physician to develop skill 
in identifying when the heart itself is abnormal. He must also develop 
the skill required to estimate whether the abnormal heart can function 
normally. Treatment for heart failure is not generally required for this 
group. 

Group 8 illustrates the group of patients who have abnormal hearts 
and develop abnormal cardiac function when the circulation is 
excessively stressed. Not only do these patients have signs of an ab- 
normal heart, but they have symptoms and signs of abnormal function 
with appropriate stress. The existence of this group demands that the 
physician be able to identify when heart disease is present and forces 
him to develop simple methods for identifying abnormal heart function 
during stress. Many of these patients should receive therapy, such as 
digitalis medication, even though overt signs of heart failure may not 
be present. 

Patients in Group 4 have signs of heart disease as well as symptoms 
and signs of abnormal heart function when appropriate stress is 
applied to the circulation. For example, a patient in this group may de- 
velop symptoms such as dyspnea or a sign such as a diastolic gallop on 
effort. Such a patient may limit his activity and avoid these symptoms. 
He may also improve his cardiac function and activity by taking digitalis. 
The sodium intake of the patient should be reduced to an acceptable 
degree. 

Group 5 consists of patients with abnormal hearts that function 
abnormally when only slightly stressed. Not only do these patients 
have signs of an abnormal heart but they have symptoms and signs of 
abnormal cardiac function with slight effort. The treatment of these 
patients usually includes a decrease in activity, digitalis and a simple 
diuretic. When heart failure requires a diuretic for treatment, it is 
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proper to adjust the dosage in relationship to the sodium intake of the 
patient. While the sodium intake of a patient with heart failure should 
not be excessive, many patients prefer an increase in diuretic dosage toa 
decrease in sodium intake. 

In Group 6 patients have abnormal hearts and have abnormal 
cardiac function at rest. Accordingly, not only do these patients have 
evidence of heart disease, they have evidence of heart failure in the 
form of symptoms and signs at rest. Many of these patients require 
severe limitation of their activity, receive digitalis and require several 
diuretics and eat a low sodium diet. 

Group 7 includes those patients who have abnormal hearts and ab- 
normal cardiac function at rest despite all forms of treatment. These 
patients not only have signs of heart disease, but have abundant evi- 
dence from symptoms and signs that there is considerable cardiac dys- 
function even at rest. Patients remaining in this group have a very much 
reduced survival rate. 

Figure 1 also illustrates several other important clinical points. It 
should be obvious that the objective of therapy is to produce a shift to 
the left of the clinical spectrum or, stated in another way, to move the 
patient from a higher numbered category to a lower numbered category. 
For example, it might be possible to shift a patient from group 7 to group 
3 or even 2 if a certain cardiac abnormality is recognized and treated 
surgically. On the other hand, the best of medical management might 
not produce a shift to the left by more than one category when the dis- 
ease process is, for example, diffuse myocardial disease. It is also obvious 
that a patient might enter the clinical setting in group 5 and remain in 
group 5 for months and years without change but might finally develop 
a shift to the right with progressive difficulty. It is obvious too that a pa- 
tient might enter the clinical setting in group 7 and die within minutes 
or at times, with appropriate therapy, survive the acute insult and re- 
main in a lower group for years. 

It is very clear that the term ‘intractable heart failure’? means 
different things to different people. For example, a patient who was in 
group 5 might have intractable failure for 20 years but still be able to 
engage in reasonable activity. On the other hand, a patient in group 6 or 7 
may be forced to decrease his activity to a marked degree, despite ade- 
quate medication, in order to live, and he lives with intractable heart 
failure. This is generally an unacceptable state. Many patients in this 
group are miserable and the “overtreatment” syndrome is prevalent. 
Intractable heart failure may be chronic or acute and the patient may 
live a few minutes or many years. 

There are many factors that may precipitate or aggravate slight 
heart failure in a patient with heart disease. These factors include 
cardiac arrhythmias, pulmonary emboli, renal disease, thyrotoxicosis, 
anemia, and prostatic obstruction. Such factors in effect may produce a 
shift to the right (of Fig. 1) for an individual with heart disease. For 
example, a patient with mitral stenosis may be in group 3 until he has 
uncontrolled atrial fibrillation, when he may shift abruptly to group 7. 
Figure 1 also indicates that the same aggravating factors may intensify 


312 E. ALAN PauLk, JR., J. WitLis Hurst 


heart failure in patients already in failure. Figure 1 also depicts that 
patients with more severe heart failure are more likely to have an in- 
creased number of aggravating factors. 

This article deals with the management of acute and chronic intrac- 
table heart failure. The term “intractable” is used here to denote that a 
patient has rather acute, unrelenting pulmonary edema or has a more 
chronic and progressive state of heart failure that has progressed despite 
good management. Such patients are illustrated in groups 5, 6, and 7 of 
Figure 1. The term also implies that the common forms of therapy have 
been used without success and the physician must engage in a new 
thought process regarding the diagnosis and treatment of his patient. 
The following discussion deals with the thought process that the physi- 
cian should have at the time his patient has intractable heart failure 
despite good therapy. 

Good thinking usually starts with a series of questions. Therefore 
the physician who is responsible for a patient with intractable heart 
failure should ask himself the following questions: 

Does the patient have congestive heart failure? 

Has the etiology of heart disease been established with certainty? 

Is there a surgically correctable lesion present? 

Are there complications or aggravating factors that make the failure 
worse? 

How can the management of this patient’s heart failure be accom- 
plished effectively? 

Is overtreatment contributing to the intractability of heart failure? 


DOES THE PATIENT HAVE CONGESTIVE 
HEART FAILURE? 


One purpose of this paper is to present what we believe to be a logi- 
cal approach to the evaluation of any patient with heart disease. In the 
majority of cases the appropriate clues enabling the physician to ascer- 
tain the true perspective of a patient’s illness and functional state are 
available from a thoughtful history and a thorough physical examina- 
tion. Dyspnea or edema may occur with a number of conditions other 
than congestive heart failure. For example, the patient in group 2 who 
has evidence of heart disease may have some disease state which mimics 
congestive heart failure. 


Conditions Which May be Confused With Intractable 
Acute Heart Failure 


ACUTE MassivE PULMONARY EMBoLuUs. These patients may pre- 
sent with marked breathlessness and hypotension. Frequently there is 
little associated pain, but there may be oppressive substernal discom- 
fort.” Physical findings suggesting acute cor pulmonale with a marked 
increase in the palpable pulmonary artery segment and a very loud Soe 
provide the clues that lead away from acute left ventricular failure. 

ACUTE AsTHMA. When this occurs in the middle-aged patient, 
the physician should always be alert to the possibility of predisposing 
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factors such as silent myocardial infarction or pulmonary embolus, 
which have precipitated acute pulmonary edema with bronchospasm. 
However, in these latter incidences the expiratory phase of respiration is 
usually not as markedly prolonged as with true bronchial asthma. When 
these symptoms are produced by a condition associated with pulmonary 
venous congestion (as in myocardial infarction), the characteristic drop 
in jugular venous pressure on inspiration that is seen in patients with 
bronchial asthma will not be present. 

ACUTE VIRAL PNEUMONIA. Certain types of viral infections lead to 
an acute desquamative tracheobronchitis and alveolar-capillary block, 
producing marked tachypnea and air hunger.** There will be no cardiac 
findings suggesting left ventricular dysfunction. 

HYPERVENTILATION. Usually seen in women and precipitated by 
emotional upset, this phenomenon is frequently not under voluntary 
control. When seen in men it can be very suggestive of acute heart fail- 
ure, but again lack of evidence of left ventricular dysfunction suggests 
some other mechanism. A severe, frequently fatal disorder, idiopathic 
lactic acidosis,*® presents in this manner; unless it is recognized early 
and treated promptly with sodium bicarbonate (or other buffers), a fatal 
outcome is almost inevitable. 

ACUTE INTOXICATION. Several types of toxic agents may producea 
picture of acute respiratory distress. Kerosene ingestion® or smoke 
inhalation® can produce severe respiratory insufficiency, which may be 
partially alleviated by corticosteroid administration. Ozone inhalation” 
was previously hazardous only in high-altitude aircraft, but ozone is a 
major oxidant in polluted air. A concentration of 2 ppm will produce 
alveolar pulmonary edema in normal young people.** Although this has 
not been reported as a cause of pulmonary edema as yet, it may be a 
future problem. We have measured ozone in the expired air of a few 
patients following cardioversion and found concentrations greater than 
1 ppm when ventilation just prior to the electrical discharge consisted of 
100 per cent O,.*° 


Conditions Which May Be Confused With Chronic 
Intractable Heart Failure 


Conditions mimicking chronic heart failure may also lead to initial 
confusion, especially in patients who are in group 2 or group 3 of 
Figure 1. 

OBESITY AND EprEmMaA. Alexander! has described the syndrome of 
obesity heart disease, in which extremely obese patients develop left 
ventricular dysfunction and resultant heart failure. A feature of great 
importance to be included in the evaluation of the obese patient is the 
statistical likelihood of recurrent pulmonary embolism. These patients 
may be tachypneic as a result of their ‘“‘restrictive” lung disease, which 
is caused by the excess thoracic and abdominal fat. At times a true sensa- 
tion of dyspnea can be experienced by obese individuals, even without 
congestive heart failure. Peripheral edema may be produced either by 
chronic inactivity or by venous stasis in the lower extremities. 
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CHRONIC VENOUS INSUFFICIENCY. Patients can have chronic de- 
pendent edema and increased pigmentation of the lower extremities 
secondary to chronic venous insufficiency. Local therapy and support 
of the venous system with fitted elastic stockings can be at least partially 
corrective, whereas diuretics may only result in further weakness and 
disability. 

PuLMoNARY EMPHYSEMA. Obstructive lung disease commonly 
leads to cor pulmonale and evidence of venous congestion as the disease 
progresses. Intercurrent infections causing an exacerbation of symptoms 
can mimic left ventricular failure. A history of repeated bouts of bronchi- 
tis and progressive dyspnea over a period of years suggests pulmonary 
disease. On the other hand, patients with obstructive lung disease are 
not immune to left ventricular disease. Some patients with long history 
of pulmonary disease develop increasing attacks of “asthma,” either 
nocturnally or following mild exertion; these are assumed to represent 
an exacerbation of their pulmonary disease. In these cases, the findings 
of an abnormal apical impulse with a palpable rapid filling wave (the 
ventricular gallop may be difficult to hear) or the presence of pulsus 
alternans in a peripheral artery (usually best appreciated in the femoral 
pulse) will substantiate the presence of left ventricular failure. 

ALVEOLAR CAPILLARY DirFUSION DEFECTS. The multifactorial 
disorders leading to inadequate alveolar-capillary exchange can cause 
symptoms of hypoxia manifest by persistent tachypnea and markedly 
limited exercise tolerance.” 

Some evidence indicates that varying degrees of alveolar-capillary 
block occuring with certain viral infections of the respiratory tract can 
persist for months afterward.”® Decreased exercise tolerance, tachypnea, 
and easy fatigue related to this condition may easily be blamed on heart 
failure in patients who have pre-existing evidence of heart disease. 

MyxEDEMA. The work of Blumgart et al. in 1955° suggested that 
patients with intractable heart failure may be improved by being made 
mildly myxedematous. On the other hand, patients developing myxede- 
ma frequently manifest cardiac enlargement (due mainly to pericardial 
effusion), poor myocardial contractility, and electrocardiographic 
abnormalities as well as other manifestations of cardiac dysfunction. 
No specific lesion of the myocardium has been demonstrated in these 
patients.”? Generalized ‘“‘edema” along with the cardiac manifestations 
noted above occasionally results in failure to recognize the hypothyroid 
condition. The usual therapy for heart failure will certainly be ineffec- 
tive in these patients in the absence of thyroid replacement. 

Patients who have received radioactive iodine therapy for hyper- 
thyroidism have been found to develop hypothyroidism at a rate of 7 per 
cent per year for at least the first 10 years following therapy.'® 

Myxedema appears to predispose patients to the development of 
coronary atherosclerosis at an accelerated rate, so that evidence that this 
process contributes to left ventricular dysfunction must not be over- 
looked.® 

CIRRHOSIS AND AsciTEs. Patients with cirrhosis and portal hyper- 
tension, especially in the presence of heart disease, may be easily con- 
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fused with those having intractable heart failure. Congestive heart 
failure is a rare cause of cirrhosis, even though it has been a popular 
clinical diagnosis in past years.!® 

THE NEPHROTIC SYNDROME. Massive edema, characteristic of this 
syndrome, may mimic congestive heart failure. Indeed, patients with 
chronic congestive heart failure may present with massive edema, gross 
proteinuria, severe hypoalbuminuria, and hypercholesterolemia, and 
they will be indistinguishable from other patients with the nephrotic 
syndrome.”! Unless other complicating factors are present, patients with 
heart failure do not have the above alterations. 

CONSTRICTIVE PERICARDITIS. Pericardial thickening and adher- 
ence to the epicardial surface of the heart is fairly common, but only 
rarely is it severe enough to cause circulatory changes. Most likely to be 
seen in men during the fourth decade, a presentation with dyspnea on 
exertion, fatigue, swelling of the abdomen and ankles, and raised venous 
pressure, could easily be confused with congestive heart failure. Un- 
fortunately, myocardial involvement is common in most forms of con- 
strictive pericarditis, so that surgical intervention is not completely 
effective in restoring circulatory dynamics to normal. 

VENA CAVAL OBSTRUCTION. In situ thrombosis of the inferior vena 
cava may occur in patients following abdominal surgery, as a result of 
obstructing masses in the abdomen or retroperitoneal space, and at 
times without recognized etiology. Depending on the level of obstruction, 
the patient may develop dependent edema of the lower extremities or 
even signs suggesting the syndrome of obstruction of the renal veins. 
Obstruction of the superior vena cava is rarely confused with congestive 
heart failure, but it may mimic constrictive pericarditis in some cases. A 
recently recognized entity of swhacute sclerosing mediastinitis pro- 
duced by a fungal infection with Histoplasma capsulatum produces a 
variety of symptoms which are suggestive of cardiac disease and fre- 
quently progress to superior vena caval obstruction.** The elevation of 
upper extremity venous pressure in these cases can be easily distin- 
guished from that occurring in constrictive pericarditis by the absence of 
venous pulsations, which are characteristic of pericardial restrictive 
disease. 

SEVERE NUTRITIONAL DEFICIENCY WITH HYPOALBUMINEMIA. Pa- 
tients are rarely seen in this country with this condition mimicking heart 
failure, but it is occasionally found as a complicating feature in patients 
with chronic heart failure (see section on complicating or aggravating 
factors). 


HAS THE ETIOLOGY OF HEART DISEASE BEEN 
ESTABLISHED WITH CERTAINTY? 


Congestive heart failure is a clinical syndrome manifested by 
circulatory congestion without specific etiology. It may result from 
myocardial weakening, mechanical heart disease, or a combination of 
both.'7 Many patients will be seen in whom the exact etiology of heart 
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disease cannot be determined with certainty when utilizing rather 
strict criteria such as outlined by the New York Heart Association.” 
Be certain it is etiology unknown, not etiology ignored. The manage- 
ment of intractable heart failure is difficult enough without overlooking 
some correctable cardiac lesion. 

An understanding of the pathophysiologic changes associated with 
various types of heart disease allows the physician greater insight in 
selecting an approach which will most likely effect a significant restora- 
tion of circulatory adequacy. 

Referring again to Figure 1, our attempts at producing a shift to the 
left of the groupings of patients with heart failure are dependent not only 
upon the recognition of operable forms of heart disease, but also upon the 
correct discernment of the differing types of nonoperable heart disease. 
For example, prolonged bed rest would be unlikely to result in substan- 
tial improvement in the cardiomyopathy of rheumatic heart disease, but 
occasionally will have dramatic effect in patients with myocarditis. 

The question, Is there a surgically correctable lesion present? 
must be answered. Obviously, mechanical problems can be intermeshed 
with myocardial dysfunction, so that some patients may have little or no 
hemodynamic improvement following technically successful cardiac 
surgery. This was stressed by Paul Wood, when he demonstrated that a 
significant percentage of women with mitral stenosis obtained no im- 
provement following mitral commissurotomy, because of myocardial 
involvement apparently from a rheumatic process.” 


ARE THERE COMPLICATIONS OR AGGRAVATING 
FACTORS THAT MAKE THE FAILURE WORSE? 


As indicated in Figure 1, the development of aggravating factors 
becomes progressively increased as the degree of cardiac dysfunction 
intensifies. “Intractable heart failure” usually develops as a conse- 
quence of one or more of the following: firstly, progressive deterioration 
of cardiac function as the result of increasing severity of the original 
disease process; secondly, the occurrence of complicating or aggravating 
factors which add additional circulatory stresses to the heart already 
manifesting significant dysfunction; and thirdly, overtreatment as a 
result of poor recognition or misinterpretation of the patient’s physiologic 
status by the attending physician. 

Preventing or delaying the deterioration of cardiac function which 
results from progression of the original disease process may be difficult. 
There is no doubt that antibiotic prophylaxis is extremely effective in 
preventing recurrences of acute rheumatic fever. Appropriately timed 
surgical intervention in certain patients with mechanical heart disease 
can prevent the ultimate deterioration of myocardial function that re- 
sults from chronic overload. Prolonged bed rest and reduction of the 
basal cardiac work load may allow virtually complete recovery of myo- 
cardial function in patients with acute myocarditis. Early recognition 
and treatment of myocardial dysfunction in patients with acute myo- 
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cardial infarction may reduce the incidence of chronic heart failure 
following myocardial infarction.*® 

As depicted in Figure 2, the development of aggravating factors or 
complications in patients with chronic heart failure is frequently asso- 
ciated with intractibility, which in turn predisposes to further complica- 
tions. 

The importance of recognition and appropriate management of these 
factors as part of the therapeutic program in intractable heart failure 
makes it mandatory that we discuss some of the more common aggra- 
vating factors. 

MULTIPLE PULMONARY EMBOLI. These are so common that one 
might say they are ubiquitous in patients with heart disease and chronic 
heart failure. Less than 10 per cent of pulmonary emboli cause the 
classic symptoms and signs of pulmonary infarction.’’ Indeed, the 
problems that result from pulmonary emboli are frequently not related 
to pulmonary parenchymal infarction but rather to increased intra- 
pulmonary shunting of unoxygenated blood to the left side of the circula- 
tion, the development of progressive pulmonary hypertension and re- 
sulting right-sided heart failure, and the patient’s increased susceptibil- 
ity to pulmonary infection. 

The physical signs and circulatory status of these patients may show 
only subtle changes when viewed from a day-to-day basis, but if allowed 
to continue until overt changes are present, many of these alterations 
can be irreversible. 

Unexplained deterioration in a patient who has had previously stable 
heart failure should make one suspect pulmonary emboli, silent myo- 
cardial infarction, or unrecognized infection. 

The potential effect of intrapulmonary venoarterial shunting can be 
shown by comparing the myocardial oxygen consumption of hearts with 
varying degrees of cardiomegaly to the total oxygen consumption as 
predicted by Blain et al. (see Table 1).° 

Since oxygen extraction by the heart is much greater than that of 
most other tissues, any degree of arterial unsaturation theoretically 
produces a significant reduction in the availability of oxygen for myo- 
cardial needs. 


Figure 2. The development of 


aggravating factors in patients with INTRACTABLE AGGRAVATING 
chronic heart failure is frequently as- 
sociated with intractability, which in HEART FAILURE FACTORS 


turn predisposes to further complica- 
tions. 
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Table 1. Effect of Heart Weight on Total Oxygen Consumption? 


PER CENT 
HEART WEIGHT MYOCARDIAL 0,” TOTAL 0, MYOCARDIAL 
300 gm. 27 ml. 250 ml. per min. 10.8% 
600 gm. 54 ml. 250 ml. per min. 21.6% 
1000 gm. 81 ml. 250 ml. per min. 32.4% 


(cor bovinum) 


*Myocardial O, consumption estimated at 9 ml. per 100 gm. of muscle. 

Progressive cardiac enlargement is commonly seen in intractable heart failure. This 
table emphasizes the effect of increasing heart weight and the associated increased myocar- 
dial oxygen demands by comparing these figures to the total oxygen consumption of a normal- 
sized patient at rest. (See text for further discussion.) 


Unexplained tachycardia and tachypnea may help direct the physi- 
cian’s attention to some abnormality of oxygen transport. Anemia or 
abnormally bound hemoglobin (methemoglobin, etc.) may also produce 
this response. 

CHRONIC ARRHYTHMIAS. The most frequent chronic arrhythmia to 
cause significant aggravation of heart failure is atrial fibrillation.?® This 
arrhythmia is usually associated with severe organic heart disease; thus 
its onset, with the resultant loss of the atrial transport system, is often 
an intolerable blow to cardiac efficiency. 

In times past, reversion of this arrhythmia was difficult, and the 
presence of chronic heart failure was once listed as a contraindication 
to attempted reversion with quinidine. Cardioversion has made eradica- 
tion of atrial fibrillation possible in almost any patient. The statistical 
probability of a return to atrial fibrillation is high during the first year, 
studies reporting an incidence of 40 to 75 per cent reversion to the pre- 
existing arrhythmia in the first 12 months.*! When a patient has intrac- 
table heart failure resistant to other medical therapy, then consideration 
must be given to cardioversion. If mechanical function of the atria ac- 
companies the return of normal sinus rhythm, the augmentation of car- 
diac function is frequently dramatic and the goal of shifting the patient 
to the left (as indicated in Figure 1) may be achieved. Maintenance quini- 
dine is necessary to increase the likelihood of holding normal rhythm.‘” 

Current practice, utilizing low-energy settings for cardioversion, 
has reduced many of the problems of post-reversion arrhythmias and 
has reduced the risks of the technique. This subject is discussed in 
another recent article.” 

Other chronic arrhythmias are frequently iatrogenic and will be 
mentioned in the section on overtreatment. 

Patients with intractable heart failure by definition have little 
cardiac reserve, and therefore any arrhythmia which results in compro- 
mise of function will be poorly tolerated. Careful consideration by the 
attending physician should be made of the following question: Is the 
drug therapy necessary to control this patient’s arrhythmia likely to 
be more compromising to cardiac function than the arrhythmia in 
question? Quinidine, procainamide, propranolol, diphenylhydantoin, 
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etc., are all potent myocardial depressants. Using a cannon to kill a fly 
may be effective, but is certain to be associated with undesirable side 
effects. 

FEVER. Elevations of temperature in patients with congestive 
heart failure are common. It is estimated that a 1° F. elevation in body 
temperature raises the basic metabolic rate by approximately 7 per 
cent.* In 172 patients with congestive heart failure, Cohn and Steele"! 
found intermittent temperature elevations in 89 per cent. Kinsey and 
White® found only four patients entirely free of fever out of 200 hos- 
pitalized with varying degrees of heart failure. Autopsy examination of 
the patients in Kinsey’s series and similar patients has usually attri- 
buted the fever to two principal conditions, pulmonary infarction or 
pneumonia (especially pneumococcal pneumonia). 

Bacterial endocarditis must not be overlooked, especially in the 
patient who previously had mild stable heart failure. It is of interest that 
bacterial endocarditis is uncommon in patients with pure mitral steno- 
sis,” so that fever in these patients is more likely related to multiple 
pulmonary emboli with or without infarction or pneumonia. 

It should be kept in mind that oral temperatures are frequently nor- 
mal or subnormal, while rectal temperatures are elevated in patients 
with congestive heart failure.’ 

The physician must not assume that all fever means infarction or 
infection. The elevated levels of norepinephrine known to be present in 
patients with heart failure can result in significant cutaneous vasocon- 
striction with subsequent impairment of peripheral heat dissipation. 
Pulmonary venous congestion may also impair heart exchange from 
the lungs.*® 

URINARY TRACT OBSTRUCTION. Prostatic obstruction in the elderly 
is an occasional cause for progressive intractability of heart failure and 
at times can be the only recognizable factor that precipitates the onset 
of congestive heart failure.”* Poor response to diuretics, mild azotemia 
and evidence of hyperchloremic acidosis are good clues. Relief of ob- 
struction is far more effective than digitalis to relieve the symptoms of 
vascular overload. 

TRICUSPID STENOSIS. Although an uncommon condition, tricuspid 
stenosis may be difficult to recognize unless suspected. Tricuspid ob- 
struction most frequently occurs in association with mitral stenosis 
secondary to rheumatic heart disease. The findings of elevated venous 
pressure, absence of ventricular enlargement on palpation (though the 
right atrium may be large on x-ray), and the characteristic gradual de- 
cline of the y descent in the jugular venous pulse are good evidence of 
tricuspid obstruction. Rarely, right atrial tumors may cause obstruction 
of the inflow tract of the right ventricle, producing similar findings. 

CARDIAC CACHEXIA. The review of this subject in 1964 by Pittman 
and Cohen*® provides a very comprehensive analysis and should be 
reviewed by the reader. There is little doubt that a host of factors —some 
related to heart failure directly, others iatrogenic —can lead to the marked 
wasting sometimes seen in patients with chronic heart failure (see Table 


2) 
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Table 2. Iatrogenic Factors That May Result in Marked Decreases 
in Caloric Intake” 


Digitalis intoxication 

Restricted and unpalatable diets 

Bulky sodium exchange resins 

Weakness from diuretic-induced losses of electrolytes and water-soluble vitamins 
Excessive use of opiates for control of dyspnea and apprehension 


The observation of Hippocrates remains timely: ‘The flesh is con- 
sumed and becomes water... the abdomen fills with water; the feet and 
legs swell; the shoulders, clavicles, chest, and thighs melt away.” 

SPONTANEOUS RUPTURE OF CHORDAE TENDINEAE. The entity of 
spontaneous rupture of individual chordae tendineae as a cause of 
worsening heart failure in patients with previously stable rheumatic 
heart disease and mitral valve involvement has become more widely 
appreciated by clinicians in recent years.!? Even though the chordae are 
thickened and shortened due to rheumatic involvement, evidence would 
suggest increased fragility. This phenomenon has been recognized in 
elderly patients with heart failure not suspected to have rheumatic heart 
disease.'” In this latter group, the progressive severity of mitral regurgi- 
tation and increasing failure (without evidence of bacterial endocarditis) 
may provide the clues to recognition of chordal fracture. Bacterial endo- 
carditis is also a cause for chordal rupture,” but at present, this phenome- 
non is seen most frequently in the absence of endocardial infection. 


HOW CAN THE MANAGEMENT OF THIS PATIENT’S 
HEART FAILURE BE ACCOMPLISHED EFFECTIVELY? 


Effective management of patients with congestive heart failure 
depends upon: (1) recognition of the etiology, (2) understanding the 
pathophysiology of the particular process involved, (3) ascertaining the 
functional state of the patient and the degree of cardiac failure present, 
and (4) a thorough knowledge of therapeutic agents and measures 
available. 

An understanding of the pathophysiology of heart failure must 
include a thorough knowledge of the complications to be anticipated 
and the means of preventing or alleviating each. 

In order to ascertain the functional state of the patient, the physi- 
cian rarely requires more than skill at taking a history and performing a 
physical examination. Occasionally, when these do not correlate with 
each other, more objective measurements may be made through the use 
of exercise testing, including determinations of oxygen consumption 
at graded levels of exercise.” 2” Such studies can give additional informa- 
tion with which to estimate the circulatory capabilities and reserves. 

As indicated earlier, the approach to management will be separated 
into the therapeutic considerations of both acute and chronic intractable 
heart failure. 
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Management of Acute Intractable Heart Failure 


The management of acute intractable heart failure must be aimed at 
achieving the following goals: alleviating anxiety; reducing pulmonary 
venous congestion and clearing pulmonary edema; correction of meta- 
bolic acidosis, and improving oxygen transport efficiency; eradication of 
undesirable cardiac arrhythmias; and improving cardiac contractility 
to help boost cardiac output and to re-establish adequate perfusion to 
vital organs. 

The relief of anxiety in the patient is of major importance for several 
reasons: it reduces the stimulus for excessive catecholamine secretion; 
it helps improve ventilation and reduce bronchospasm; and it allows the 
patient to cooperate and aid medical personnel in securing an improved 
circulatory status. The effectiveness of a calming attitude on the part of 
the physician while he works with the patient cannot be overemphasized. 
We have had patients relate to us after an episode of acute fulminant 
heart failure that encouragement given to them, at times when one 
might assume they were unconscious, was a major factor in their at- 
tempts to concentrate on survival. This type of attitude also affects 
paramedical personnel and helps provide an atmosphere where maxi- 
mum effort with minimal disorganization are more likely to lead to a 
successful conclusion. In our experience, the best drug available to 
meet these needs is morphine sulfate. Given only intravenously in small 
increments, it is not as likely to produce respiratory depression. It has 
the effect of producing smooth muscle relaxation, thereby reducing bron- 
chospasm and venospasm, the former allowing improved ventilation 
and the latter possibly allowing an increase in the size of the venous 
reservoir.*! Some evidence indicates that morphine sulfate has a direct, 
positive inotropic effect on the myocardium. 

It should be made clear that during the first 12 to 24 hours of acute 
heart failure, the central venous pressure may not be valid as an index of 
pulmonary vascular pressures.*® A much more sensitive measurement 
can be obtained by direct pulmonary artery pressure recordings.” The 
technique and catheter described by Rapaport®! provides a relatively 
risk-free means of obtaining these measurements. 

Several methods are available by which alveolar edema may be 
alleviated: surfactants may reduce the surface tension of the fluid-air 
interface in the alveolae; mechanically produced increased intra-alveolar 
pressure can aid in driving fluid across the alveolar-capillary membranes; 
a reduction in central venous pressure or volume can reduce dangerous 
elevations of hydrostatic pressure; and finally, reduction of pulmonary 
venous pressure can be achieved by improving left ventricular emptying. 

One or more of these measures should be employed, depending on 
the etiology and the circumstances surrounding the development of 
acute pulmonary edema. A classic but still unproved method of reducing 
surface tension involves the addition of 10 to 15 ml. of 95 per cent 
ethanol to the water trap which acts as a humidifier for the supplemental 
oxygen the patient is receiving. This also has the additional effect of 
reducing anxiety. Unless nasotracheal or endotracheal intubation has 
been necessary, the patient may have considerable difficulty in effec- 
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tively utilizing positive pressure breathing devices. When those devices 
are employed, one must observe for evidence of impaired venous return 
to the heart as a consequence of the high intrathoracic pressures neces- 
sary. Monitoring arterial blood gases should reflect the effectiveness of 
this therapy in improving ventilation and oxygenation. The use of 100 
per cent oxygen is rarely indicated, since signs of oxygen toxicity develop 
rather quickly in some patients. 

Lowering of hydrostatic pressure may be achieved by decreasing 
the volume of blood returning to the heart, either by direct rapid phlebot- 
omy of 50 to 100 ml. or more commonly through the use of rotating 
tourniquets on the extremities to trap venous return and thereby reduce 
central venous volume. 

Under special circumstances, as in the case of fulminant pulmonary 
edema in patients with severe systemic hypertension, a drip of tri- 
methaphan camsylate (Arfonad) can produce arterial and venous 
vasodilation and lead to pooling of blood in the dependent periphery and 
splanchnic system, resulting in rapid clearing of pulmonary edema. 
Under these circumstances, reduction in both hydrostatic pressure and 
the pressure load on the left ventricle results in diminished venous 
return and enhanced left ventricular emptying. 

More recently the use of potent diuretic agents, such as furosemide 
and ethacrynic acid, has been recommended to aid in clearing pulmonary 
edema.'* The former drug has been thought by some investigators to 
exert a direct effect on the pulmonary vasculature facilitating reduction 
of alveolar edema." 

A study done on the Osler service at Johns Hopkins Hospital gives 
some further insight in this matter. 


In a controlled study comparing the therapeutic effectiveness of intravenous 
ethacrynic acid to intramuscular mercaptomerin in patients with acute pul- 
monary edema, all 39 patients were treated by the usual methods, except that 19 
received ethacrynic acid and 20 received mercaptomerin. Although ethacrynic 
acid induced a noticeably greater diuresis and natriuresis in the first three, differ- 
ences in this respect were not significant at the end of 6 hours. The diuretic re- 
sponse to mercaptomerin was evenly distributed around a mean of 1239 ml. per 
6 hours, whereas the response to ethacrynic acid was biphasic with six patients 
failing to respond (mean diuresis of 287 ml. per 6 hours), and the remaining 13 
voiding an average of 2506 ml. per 6 hours. The rate of clinical improvement was 
independent of the rapidity of diuresis, thus casting doubt on the necessity for the 
use of the most rapidly acting diuretics in the treatment of pulmonary edema.*7 


The Hopkins study suggests that a vigorous diuresis is not necessary 
for clinical improvement to occur in patients with pulmonary edema. 
The increase in tachycardia in some of these patients was interpreted 
by the investigators as suggesting a relatively hypovolemic state. The 
patient with acute myocardial infarction may not tolerate acute volume 
changes, thereby increasing the risks of precipitous low cardiac output 
or cardiac arrhythmias. 

Periods of inadequate cardiac output may lead to the development of 
excess lactate production and metabolic acidosis.*4 In the human, a 
metabolic acidosis seems to reduce the sensitivity of adrenergic receptor 
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sites to the effect of catecholamines.® Since the sympathetic nervous 
system plays a major role in activating cardiac reserves to combat acute 
heart failure, acidosis must be recognized and treated. 

The eradication of undesirable cardiac arrhythmias needs little 
emphasis, but the methods employed are critical. Hypoxia and metabolic 
acidosis may be responsible for a variety of tachyarrhythmias and elec- 
trical instability of the heart.*® Careful consideration must be made as 
to when to use some method of overdrive, cardioversion, or depressant 
drugs (usually lidocaine, diphenylhydantoin, propranolol, or procaina- 
mide) as the means to control an arrhythmia.*® For example, a patient 
with chronic obstructive lung disease who has cor pulmonale and acute 
intractable heart failure at the time of recurrent pulmonary infection 
presents with atrial flutter and rapid ventricular response. These patients 
frequently do not respond predictably to digitalis therapy, and toxic 
tachyarrhythmias may result after small dosages of digoxin or ouabain. 
Cardioversion reverts the arrhythmia, but so long as the acute pulmonary 
problem exists, the atrial tachyarrhythmia returns after only short 
periods of sinus rhythm. Some of these patients are best managed during 
the acute episode by means of rapid atrial pacing (via transvenous pace- 
maker in the right atrium), which can compete with the abnormal focus 
until capture occurs.®’ Then the pacemaker can be slowed either until 
sinus rhythm again takes over or to a more desirable heart rate. This may 
be repeated as necessary until the immediate crisis is over. 

Improving cardiac contractility is of utmost importance. However, 
therapy which produces more immediate relief of symptoms is indicated 
initially. Digoxin or ouabain are the most commonly employed digitalis 
compounds in our experience. Keep in mind that patients with acute 
myocardial infarction are more sensitive to the cardiac glycosides so 
that only 60 to 75 per cent of the amount normally utilized should be 
administered.*° 

Rarely, when cardiac contractility is not improved by digitalis or 
existing arrhythmias make its use hazardous, intravenous glucagon ina 
bolus of 3 to 5 mg. may result in improved cardiac function.” If emesis is 
not a problem and improvement is noted, then the dose can be repeated 
every 30 minutes. In our experience, an occasional patient has responded 
dramatically to this drug when all else had seemed to fail. 


MANAGEMENT OF CHRONIC INTRACTABLE 
HEART FAILURE 


Referring again to Figure 1, patients who fall into groups 6 and 7 have 
already received standard therapy including limitation of activity, salt 
restriction, digitalis, diuretics, and frequently long-term anticoagulants. 
The bar graphs (indicated by the parallel lines) in that figure indicate 
that drug therapy has little more to offer. It becomes obvious, therefore, 
that the final question must be repeatedly considered as one attempts to 
effectively manage his patient. Is overtreatment contributing to the 
intractability of heart failure? 
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Since excellent reviews have been recently written on available drug 
therapy,?' including one in this journal, which contained a lengthy dis- 
cussion on the action of various diuretics used in the management of 
chronic heart failure? our emphasis will be placed less on the drug 
therapy than on the problems that limit the effectiveness of therapy. 

LIMITATION oF ACTIVITY. Severe restriction of activity to reduce 
cardiac work requirements can result in profound emotional problems 
in some patients, including agitated depression and even suicidal ten- 
dencies. Recall the statement by Piersol and Bortz: “It is for science 
not only to add years to life, but more important, to add life to the years.’’** 
Inactivity can lead to a vicious cycle of depression, increased compli- 
cations (such as emboli and infections), decreased caloric intake, cardiac 
cachexia, increasing heart failure, and death. Knowledge of the patient 
and careful selection of limitations so as to preserve those things that 
make life worth living and fighting for may help fulfill both goals set 
down by Piersol and Bortz. 

SALT AND WATER RESTRICTION. This limitation can be an effective 
measure in lessening the work load of the heart, but also may result in 
such unpalatability of the acceptable foods that patients will refuse food 
and thus exacerbate the cycle of events that lead to cardiac cachexia. 

A normal daily diet contains about 10 gm. of sodium, considerably 
greater than daily needs, with the excess normally excreted via the 
urine. If the patient avoids obviously salty foods and restricts the use of 
salt after the food is served, the effect is to reduce sodium content to 
about 5 gm. This amount does not necessitate the use of salt substitutes 
or expensive salt-free foods and allows the patient a palatable diet that 
can be followed with reasonable effort. Even omission of salt during 
preparation of food reduces the daily total sodium to 2 or 3 gm. Diets 
restricting sodium content to less than this are frequently unpalatable 
and create emotional stresses in the patient, occasionally with signifi- 
cant depression and loss of appetite.* 

As mentioned in Table 2, overzealous attempts to limit salt and water 
may result in such an unpalatable diet that food is no longer desirable. 
The currently available diuretics make it possible to allow palatable 
diets and prevent the ravages of excessive salt and water retention. 

Restriction on the size of each meal and encouraging more frequent 
smaller meals may lessen the obligated portion of cardiac output to the 
gastrointestinal tract after eating and provide for better over-all perfu- 
sion of vital organs. 

DieiraLtis THERAPY. Nearly all patients with chronic intractable 
heart failure will be receiving digitalis. A decrease in myocardial con- 
tractility can occur as a result of digitalis toxicity, thereby promoting 
“intractability” of heart failure.*? Chronic restriction of diet and pro- 
longed diuretic therapy may result in depleted potassium stores and 
increased sensitivity of the myocardium to the toxic effects of digitalis. 
Many of these patients cannot be restored to normal potassium balance 
even with prolonged parenteral therapy in the hospital.*?7 As a result, 
the amount of digitalis required to produce toxic symptoms or signs in 
such a patient can be much less than expected. We have seen restriction 
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of digoxin under these circumstances to as little as 0.125 mg. twice 
weekly. A smaller amount would result in the development of progres- 
sive congestive heart failure, and a larger amount in overt toxicity. 

Even though digitalis is useful in all patients with congestive heart 
failure, there are conditions in which less than satisfactory response 
may be noted. Patients with mitral stenosis in sinus rhythm, cor pul- 
monale, myocarditis, constrictive pericarditis, primary pulmonary 
hypertension, or Eisenmenger’s syndrome, as well as congestive heart 
failure associated with thyrotoxicosis, beriberi, anemia, and acute glom- 
erulonephritis, may realize little or no improvement from digitalis 
therapy.** 

Digitalis intoxication is exceedingly common and appropriately 
some have said ‘“‘an epidemic of digitalis intoxication now plagues the 
practice of medicine.’ In patients who may have increased sensitivity 
to the effects of digitalis, the use of certain short-acting digitalis com- 
pounds which meet “U.S.P. standards” can be hazardous. Some of these 
drugs have been shown to have enough tablet to tablet variability (50 
to 240 per cent potency) that “smooth” digitalis therapy is difficult and 
the likelihood of digitalis intoxication is a constant problem.*® Manu- 
facturers who demand greater degrees of uniformity produce digitalis 
compounds that are only slightly more expensive but allow the physician 
to achieve optimal digitalis levels for management. 

Concurrent administration of certain drugs may predispose a pa- 
tient to digitalis toxicity. The most common of these agents are reserpine 
and guanethidine. 

OTHER AGENTS AND MEANS OF IMPROVING CARDIAC CONTRACTILITY. 
Glucagon has received considerable attention in recent years following 
recognition of its ability to decrease end-diastolic pressure and aug- 
ment myocardial contractility independent of the effects produced 
by digitalis or catecholamines.” Arrhythmias are much less common 
than those seen with cardiac glycosides or catecholamines, but glucagon 
does manifest powerful emetic tendencies in certain patients.* Glucagon 
must be given intravenously either as a 3 to 5 mg. bolus which may then 
be repeated every 30 minutes (tachyphylaxis does not occur) or as a con- 
stant infusion of 2 mg. per hour (48 mg. per day) for at least 8 to 10 days. 
A minimum of 72 hours is usually required before any positive effect is 
noted with the latter means of therapy.’ 

In our experience with this drug, the clinical evidence of improved 
contractility and cardiac output has occasionally been dramatic, but has 
not been as promising in patients with chronic intractable heart failure 
as in unmanageable heart failure associated with acute myocardial 
infarction. Even in this latter group of patients the effects are not con- 
sistent. Goldberg!® indicates that current studies are generally not 
finding statistically significant evidence for improved cardiac function 
in the management of patients with heart failure as a result of glucagon 
therapy. 

There are times in the management of patients with chronic intrac- 
table heart failure when intensive short-term management can be effec- 
tive in reducing cardiac size, presumably enabling appropriate metabolic 
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alterations to occur, which then allow the heart to continue its activity 
on a more acceptable level of the Starling curves. 

Unfortunately, currently available drugs are frequently not dramatic 
in producing these desirable effects. 

It is recognized that circulating levels of catecholamines are elevated 
in chronic congestive heart failure and also that a distinct myocardial 
“supersensitivity” exists.® Little advantage is gained by infusion of 
presently available agents; however, the development of a more nearly 
ideal sympathomimetic amine in the future may be useful in improving 
contractility.” 

ERADICATION OF CHRONIC ATRIAL FIBRILLATION. Loss of effective 
atrial transport and the “atrial kick” that occurs with the onset of atrial 
fibrillation is not uncommonly associated with progressive intractibility 
of heart failure. 

Since this arrhythmia is commonly associated with chronic heart 
failure of any etiology, consideration must be made as to its elimination 
and prophylactic prevention. 

The decision as regards the selection of patients for cardioversion 
must be made on an individual basis.*7 Attempts at reversion of atrial 
fibrillation through the use of high-dosage quinidine administration or 
other antiarrhythmic agents is considered too hazardous in most pa- 
tients with chronic heart failure.”° 

Even though many studies have found that the number of patients 
maintaining sinus rhythm after cardioversion has been disappointing,”® 
in some patients the restoration of an “effective” sinus mechanism can 
result in an augmentation of cardiac output sufficient to restore useful if 
not normal activity. Occasionally, even short periods of sinus rhythm are 
associated with such improvement of cardiac compensation that upon 
return of atrial fibrillation, the management of heart failure remains 
simple. A case previously reported by us has not had a recurrence of 
intractable heart failure during the past 6 years, even though atrial fibril- 
lation has persisted continuously.” 

DiuRETIC THERAPY. The patient with intractable heart failure has 
altered renal function resulting in excessive resorption of salt and water 
from the renal tubules occurring as a compensatory effort —attempting 
to improve circulatory dynamics.*¢ 

Attempts to counteract this abnormality may be directed toward: 
improving renal hemodynamics; restriction of salt and water intake; 
or administration of drugs that act to produce excessive losses of salt 
and water. Patients with intractable heart failure usually will have had 
all three of these measures attempted with varying degrees of success. 

Cardiotonic agents are utilized to produce an improved cardiac 
output and thereby to increase renal arterial flow. These patients already 
have elevated circulating norepinephrine levels, which can cause con- 
striction of renal arteries and result in undesirable intrarenal shunting 
of blood. Dopamine is an experimental precursor of epinephrine and 
norepinephrine which has been shown to cause selective dilation of the 
renal arteries.® In hospitalized patients, this drug can function as a 
temporary supplement to other therapy during attempts at restoring car- 
diac compensation to more manageable levels. 
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Diuretic drugs can be divided into the following groups: thiazide 
and related sulfonamide compounds, mercurial compounds, potassium- 
sparing drugs, very potent diuretics, and osmotic diuretics. 

Thiazide diuretics have largely replaced the mercurials, since they 
may be taken orally.* A wide variety of these compounds is available 
offering different durations of action. Their site of action is predominant- 
ly in the distal tubule of the kidney (the cortical diluting segment)” 
and they produce an increase in the urinary excretion of sodium, potas- 
sium, chloride, and water. Hypokalemia results from chronic thiazide 
use, so that potassium supplements in the form of potassium chloride 
are necessary.*’ 

The mercurial diuretics remain effective agents but are limited 
to parenteral administration and are used less frequently than 10 years 
ago.’ These drugs also have a site of action in the distal tubule of the 
kidney (in the medullary diluting segment), producing a predominant 
natriuresis and chloruresis. They may induce a hypochloremic alkalosis, 
which inhibits the action of the drug, since maximum effectiveness is 
obtained in the presence of acidosis. Mercurials should not be used in 
patients with oliguria, uremia, or primary renal disease, but may be pre- 
ferred for patients with diabetes who do not tolerate thiazide drugs.”4 

Potassium-sparing drugs, spironolactone and triampterene, have 
limited usefulness. The former must be given in conjunction with 
thiazides and the latter can produce severe hyperkalemia. Both drugs 
act on the cortical portion of the distal tubule. When given with frequent 
careful observation, those agents can be effective in offsetting the potas- 
sium loss of thiazides, mercurials, ethacrynic acid, and furosemide. 

Ethacrynic acid and furosemide are extremely potent diuretic 
agents. Oral and parenteral administration are followed by prompt 
increase (15 to 30 per cent) in sodium, chloride, and urine volume excre- 
tion and a modest increase in potassium excretion, due to their action in 
the ascending limb of the loop of Henle to prevent reabsorption of sodi- 
um. Ethacrynic acid produces a consistent lowering of urinary pH and 
decreases bicarbonate excretion, whereas furosemide produces a slight 
increase or no change in urinary pH and an increase in urinary bicar- 
bonate. As a result ethacrynic acid is more likely to produce a contraction 
alkalosis than is furosemide. Furosemide is more likely to produce hyper- 
glycemia. 

Kirkendall has demonstrated ethacrynic acid to cause, acutely, a fall 
in systemic arterial pressure, mean right atrial pressure, cardiac index, 
and total systemic resistance. Renal blood flow is not altered, but the 
glomerular filtration rate is decreased."! 

These drugs may be useful in the treatment of acute pulmonary ede- 
ma occurring in a patient with chronic heart failure, but may be harmful 
in patients with pulmonary edema, associated with a normal blood 
volume and a heart of normal size. 

The osmotic diuretic (mannitol) may be used to block the absorp- 
tion of sodium and water in the proximal tubule and is therefore useful 
in patients who do not respond to other diuretics.? When utilized in 
patients with intractable heart failure, following mannitol administra- 
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tion with ethacrynic acid may enhance the diuresis of ethacrynic acid 
and prevent the hazard of circulatory overload possible with mannitol 
therapy. 

Only after acquiring an understanding of the mechanism of action 
of each diuretic agent, should one attempt a program involving combina- 
tion therapy. In the management of intractable heart failure, combina- 
tion therapy offers the most promising outlook. 

Some biologic ‘“‘price” must be paid for all benefits in medicine. The 
harmful effects of the fluid loss induced by diuretics must be high- 
lighted. A “successful” diuresis may produce two different types of un- 
desirable effects. Many diuretics produce mild to severe electrolyte 
depletion, including potassium loss, which may produce profound weak- 
ness and induce cardiac arrhythmias. Other diuretics do not produce 
a kaliuresis and may, under certain circumstances, result in hyperkale- 
mia and potassium toxicity. The rapid development of hypovolemia 
produced by a vigorous diuresis may cause considerable harm, and occa- 
sionally even death in some patients.*’ This is why it is not proper to 
treat edema just because it exists. There are times when the heart func- 
tions less well when blood volume and cardiac filling pressures are re- 
duced (even though these “reduced” values are greater than “normal’’). 
In these patients, who for one reason or another demand a higher than 
normal cardiac filling pressure, evidence of poor cardiac compliance is 
usually evident. Many exhibit evidence of “restrictive myocardial dis- 
ease.” This group includes patients with advanced heart disease of any 
type in which the heart is huge, the venous pressure is high, dilutional 
hyponatremia is common, and the response to usual therapeutic meas- 
ures is poor. Also included are the rare patients with restrictive cardio- 
myopathy, obstructive cardiomyopathy, constrictive pericarditis, cardiac 
tamponade, cor pulmonale, or severe pulmonary hypertension.”* 

A common problem in patients with chronic heart failure is that of 
dilutional hyponatremia. Serum sodium concentrations are low at a 
time when edema is present; venous pressure is elevated; chest roent- 
genograms reveal evidence of pulmonary vascular engorgement or inter- 
stitial edema; and other clinical stigmas of decompensated heart failure 
are present. Such patients are in a state of obvious sodium and water 
overload, and the reduced serum sodium concentration is a consequence 
of disproportionately excessive water retention. In some ways they 
behave like patients with the so-called syndrome of inappropriate secre- 
tion of antidiuretic hormone.* On the other hand, unlike patients with 
isolated overproduction of ADH, hyponatremic cardiac patients have 
markedly reduced or absent urinary sodium concentrations. Added 
proximal tubular sodium reabsorption is the primary physiologic dis- 
turbance in these patients. Administration of sodium eventually results 
in worsening of the clinical state and may produce acute pulmonary 
edema. 

The majority of these patients are not symptomatic from the dis- 
turbed electrolyte concentrations per se, but suffer only from the effects 
of heart failure. Judicious water restriction, often to as little as 300 ml. of 
total fluid daily, is rational therapy, to prevent further hyponatremia. 


INTRACTABLE HEART FAILURE AND ITs MANAGEMENT 329 


Hypertonic saline administration plus water restriction should be re- 
served for those patients in this group who develop neurologic compli- 
cations—the “hyponatremic encephalopathy” (stupor, irritability, head- 
ache, and even seizures or coma). This complication results from a rapid 
or profound drop in serum osmolarity and sodium concentration. 

This problem has become increasingly frequent due to the employ- 
ment of ethacrynic acid and furosemide, which induce continued salt 
loss even in previously refractory, water-intoxicated, oliguric patients. 
Combined mannitol and ethacrynic acid therapy may be helpful, as dis- 
cussed earlier. Occasionally short (1 week) courses of corticosteroids, 
which appear to facilitate water diuresis by means of an anti-ADH effect 
or a direct decrease in water permeability in the distal tubule and col- 
lecting duct may be beneficial.** * 

Peritoneal dialysis utilizing hypertonic dextrose solutions in selected 
patients may be effective in removing large quantities of edema fluid.'° 
Patients with the additional problem of renal failure have proven most 
deserving of this means of reducing edema fluid and correcting elec- 
trolyte imbalances. 


Cardiac Transplants 


The management of intractable heart failure entails a thorough 
understanding of the patient, the pathophysiology of his type of heart 
disease, the aggravating and complicating factors likely to occur, and the 
ability of the physician to balance therapy so that the patient is able to 
live and not just exist. 

Inevitably there comes a time when the extent of cardiac damage is 
such that all measures are ineffective. If the involvement of other organ 
systems is minimal or seems reversible, consideration for cardiac trans- 
plantation becomes tenable. Surgeons have done a remarkable job in 
solving the technical problems of such a procedure, but the work of 
attempting to find a solution for the problem of rejection of the donor 
heart by the host has not kept pace with the surgical skill. At present 
cardiac transplantation must be considered an expensive and only 
temporary means of extending life in a few selected patients. Mechanical 
devices have not yet reached a stage of perfection necessary for wide- 
spread clinical consideration. 


SUMMARY 


We have attempted to present the problems of intractable heart 
failure and its management, not from the standpoint that this syn- 
drome represents just a cardiac disorder or a renal disorder, but that 
intractable heart failure involves abnormalities encompassing the total 
patient. For the physician in practice, isolation of organ system derange- 
ments is impractical if not impossible. We consider the series of ques- 
tions asked in this text to be essential adjuncts in assuring a logical 
approach to a patient with the problem of apparent intractable heart 
failure. Figure 3 illustrates in cartoon form some of the problems facing 
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COMPENSATED 
HEART 


INTRACTABLE 
HEART FAILURE 


Figure 3. The struggle for “compensation.” See text for discussion. 


the physician when he manages such a patient. The failing heart (cart) 
when not burdened by the aggravating or complicating factors (rocks) 
may be easily pulled to a stable state by the physician with aid of digitalis 
and diuretics. Anticoagulants and antibiotics (brakes) help to slow the 
rate of descent toward intractability. In summary, the physician should 
attempt to reduce the load but must always maintain his pull if the goal 
of compensation is to be achieved. 
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Intractable Angina Pectoris 


HENRY I. RUSSEK, M.D.* 


In classical angina pectoris, variations in the pain experience 
are generally attributable to similar variations in environmental and 
physiologic factors which transiently affect an already diminished 
coronary reserve. In these cases, the atherosclerotic process responsible 
for the diminished myocardial perfusion is fairly stable, and it is only the 
varying intensity of physiologic disturbances which determines the 
severity and frequency of the anginal episodes. The attacks themselves 
respond readily to the removal of precipitating causes, to rest, and to 
nitroglycerin. They are prevented by control of such factors as physical 
exertion, psychogenic influences, climatic conditions, dietary habits, 
smoking, and obesity, and especially by the prudent use of nitroglycerin. 


CAUSES OF INTRACTABLE ANGINA 


In sharp contrast, angina pectoris may become difficult to manage or 
may remain refractory to treatment under a variety of circumstances. 
This intractable state often develops from progressive and slow aggrava- 
tion of typical angina over weeks and months, reflecting increasing in- 
adequacy of collateral channels as the main coronary arteries become 
narrowed and occluded. In these cases of chronic cardiac pain, the dis- 
comfort occurs with such frequency and with such slight provocation 
that it may prove not only disabling but also intolerable. The pain usually 
interrupts sleep many times during the night and the relief obtained 
from nitroglycerin is often so brief and transient that numerous tablets 
must be consumed daily. 

A similar pattern of intractability may develop more acutely as the 
result of a recent anatomic change characterized by partial or complete 
occlusion of a coronary artery without infarction or evident subendo- 
cardial necrosis. As a consequence of the sudden reduction in coronary 
reserve the characteristic pattern of the anginal syndrome is altered. 
The episode of discomfort frequently becomes more prolonged and more 
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severe, occurring at rest and even without obvious cause. It may occur 
especially on recumbency, with some degree of relief on sitting or 
standing. It may occur more frequently and with less and less provoca- 
tion, so that rest or nitroglycerin or both may produce little or no relief. 
Although this clinical picture often denotes “impending” myocardial 
infarction, viability of heart muscle may be maintained by collateral 
circulation despite the critical level of coronary reserve. Consequently, 
some of the patients who escape acute infarction may gradually improve, 
while others remain in an intractable state similar to that observed fol- 
lowing more gradual elimination of coronary reserve. 

Angina pectoris may also become refractory to treatment primarily 
as a result of physiologic or emotional disturbance, some additional 
cardiovascular problem, or complicating noncoronary disease. Marked 
intensification of myocardial ischemia may result when any one of these 
factors augments the coronary-myocardial imbalance already imposed 
by coronary atherosclerosis. Thus, resistance to usual treatment may 
ensue from recurrent paroxysmal tachycardia or bradycardia, from 
hypoxia associated with congestive heart failure, and from progressive 
hypertension or valvular heart disease, notably aortic stenosis. A rela- 
tively mild angina may also be transformed into an intractable problem 
by prolonged emotional distress, anger, or conflict, and by anemia, in- 
fection, hyperthyroidism, or obstructive prostatic hypertrophy. On the 
other hand, substantial improvement may follow corrective measures 
such as antiarrhythmic therapy, digitalis, antihypertensive drugs, the 
resolution of emotional conflicts, replacement of blood loss, antibiotics, 
or surgery. Consequently, for optimum therapy in any given case of 
intractable angina pectoris, the physician must consider not only the 
probable status of organic changes in the coronary system, but also the 
possible role of complicating cardiac, noncardiac, and environmental 
factors. It is the purpose of this paper to present the modern treatment 
of refractory angina pectoris in its chronic form, as distinguished from 
its abrupt and often relatively brief appearance during the premonitory 
phase of acute myocardial infarction. 


TREATMENT OF INTRACTABLE ANGINA PECTORIS 


Nitroglycerin 


At the outset, it should be recognized that one of the major causes of 
intractability in angina pectoris resides with the attending physician 
himself. Even today, almost 100 years after the introduction of nitro- 
glycerin,’ many patients are left completely unaware of the prophylactic 
value of the drug, using it only to abort an attack. Others harbor the mis- 
taken notion that nitroglycerin may be habit-forming or harmful, or that 
its repeated use may lead to failure of response. These misconceptions 
have arisen, at least in part, from the physician’s negligence, inex- 
perience, or failure to “communicate.”’ Frequently, I have encountered 
patients, referred for surgical revascularization of the myocardium al- 
legedly for intractable angina, who had never been instructed in the 
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proper use of nitroglycerin or long-acting nitrates for the prophylaxis 
of anginal episodes. Indeed, many had never received any other drug 
but nitroglycerin and this only for treatment of the actual attack. Con- 
sequently, as a first step in evaluating or treating the patient with 
“refractory” angina, the kind of antianginal drugs previously employed 
and the prior manner of their use must be carefully determined. 


Long-Acting Nitrates 


Obviously to obtain the full potential from any antianginal agent, it 
is fundamental that the drug’s presumed action be permitted to coincide 
in time with the known pattern of occurrence of anginal episodes in 
the individual case.'*1'* ?3-?5.2729 With traditional drug administration 
before or after meals, a large segment of patients may be left unprotected 
during their most vulnerable periods, even with therapeutically active 
agents.'* > Thus the many patients who experience angina chiefly in 
the morning upon arising and in the evening upon returning home from 
work, may obtain no greater relief from a potent drug than from an in- 
active agent. Without carefully planned administration, similar negative 
response must be anticipated when patients with postprandial angina 
are given medicaments possessing delayed therapeutic effects. Inas- 
much as the overwhelming majority of anginal patients seen in clinical 
practice present such patterns of symptomatology, lack of care in the 
choice of drugs and in the time of their administration may obscure 
valuable prophylactic activity. The effective utilization of antianginal 
therapy therefore requires knowledge both of the individual patient and 
of the drug employed.'* ”? 

When angina occurs so frequently or unpredictably that the short 
action of nitroglycerin cannot effectively prevent attacks without re- 
peated administration at brief intervals, the long-acting nitrates may 
prove most valuable. For this purpose, none is more useful than iso- 
sorbide dinitrate (ISD), sublingually, in a 5 mg. dose, three times daily 
after meals and before contemplated exertion or excitement.!*'* 7? In 
contrast with the brief duration of action of nitroglycerin, a significant 
increase in exercise tolerance has been recorded in tests performed as 
long as 1/2 to 2 hours following sublingual administration. These 
observations make it clear that the drug should be administered after 
meals in order to provide the longest possible period of prophylaxis 
during physical exertion. Obviously, if ISD were taken before meals and 
followed by an interval of inactivity during the ingestion of food and the 
rest period thereafter, the subsequent duration of protection would be 
markedly curtailed. Inattention to such simple principles is often respon- 
sible for limited success in therapy. When angina pectoris is of appreci- 
able frequency and severity, it has been my practice also to instruct pa- 
tients to use ISD sublingually before any contemplated exertion and as 
often as every 1 to 2 hours during periods of physical activity. The drug 
may also be given orally, but by this route there is not only a 30 to 60 
minute delay in the onset of action but an attenuation of effect.'* *? If the 
oral preparation is employed, it is best administered before meals to 
permit time for therapeutic response at the resumption of activity 
following the ingestion of food. 
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Erythrityl tetranitrate in a sublingual dose of 5 to 15 mg. is similar 
to ISD in all respects except for the more frequent occurrence of head- 
ache.'*!8-23 Pentaerythritol tetranitrate administered orally in a dose of 
20 mg. three times daily before meals is a weaker long-acting nitrate, 
which nevertheless exerts an influence for 4 to 5 hours after a thera- 
peutic lag of 60 to 90 minutes.'*'!*: 5 It is of particular value in patients 
who show hypersensitivity to the more potent nitrates. 

Despite the definite value of these standard preparations for the 
prevention of anginal attacks, all sustained-action oral formulations, 
whether of isosorbide dinitrate, pentaerythritol tetranitrate, or nitro- 
glycerin have proved uniformly ineffectual or unsatisfactory.'* ”* None- 
theless, American physicians unwittingly continue to prescribe these 
weak “sustained” action products far more frequently than the worth- 
while standard preparations of the same drugs. The result is an inex- 
cusable failure to deliver the best possible medical care for the control 
of angina pectoris and the needless expenditure of some 80 million 
dollars a year for little more than a placebo effect. As a by-product of this 
quackery, there has been repeated but unjustified condemnation of all 
long-acting nitrates by authorities who often have based their over-all 
clinical impressions upon the use of sustained-action formulations alone. 
Certainly, it would be most unfortunate if these valuable drugs were to 
fall into disrepute simply because of the widespread use of formulations 
which negate their activity. While physicians unknowingly continue to 
use these ineffectual products, pharmaceutical companies perpetuate 
the unfortunate practice through extensive advertising and promotion, 
although fully aware of the actual facts. This short-sighted policy, con- 
trary to the public interest, can only result in harm for all parties con- 
cerned. 


MANAGEMENT OF INTRACTABLE ANGINA PECTORIS 


It can be seen that the physician himself may be responsible for the 
intractability of angina both through the omission or improper use of 
potent preparations and the utilization of weak or useless ones. 

When, however, the severity of symptoms has incapacitated the pa- 
tient to a major degree despite the prudent use of potent antianginal 
agents, it has been accepted practice to institute a broad therapeutic 
regimen of coordinated measures designed primarily to correct the non- 
coronary factors contributing to the intractability of angina. In brief, 
this consists of a period of bed rest in hospital to insure a reduction in 
physical activity and isolation from stressful environment, a bland, 
low-calorie, low-fat diet, abstinence from tobacco, coffee, and alcohol, 
and the use of sedatives, nitrates such as nitroglycerin and isosorbide 
dinitrate, and digitalis, if indicated. With the resolution of conflicts, 
adjustments in interpersonal relationships, or psychotherapy, improve- 
ment often develops and dramatic relief sometimes may ensue. 

Since the benefits from this approach are in large measure or wholly 
attributable to the reduction in circulating catecholamines with con- 
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sequent reduction of cardiac work and myocardial oxygen requirements, 
the same end result might be readily achieved almost immediately and 
without sacrifice by means of beta-adrenergic receptor blockade. With 
the advent of propranolol®7:* !° 1-3! and particularly since its use in 
combination with isosorbide dinitrate,'*”! bed rest and other restrictive 
measures are now rarely indicated. Indeed the designation “intractable 
angina pectoris” hopefully may be applicable to relatively few patients 
when propranolol-nitrate therapy is eventually approved by the Food and 
Drug Administration and widely and effectively utilized for the treat- 
ment of severe angina pectoris. 


INFLUENCE OF THE CATECHOLAMINES IN 
ANGINA PECTORIS 


It has long been recognized that the occurrence of anginal attacks, 
whether induced by exercise or emotion or arising spontaneously, is 
often a consequence of the effects of circulating catecholamines. Since 
these neurohormones frequently evoke unneeded and inappropriate 
cardiac overactivity in patients with angina pectoris, attempts have been 
made (1) to decrease catecholamine release through the use of sedatives 
and tranquilizers, (2) to diminish cardiac sensitivity to these hormones 
by means of antithyroid drugs or radioactive iodine, or (3) to block 
catecholamine effects upon the heart by the administration of adrenergic 
blocking agents. 


Propranolol 


By decreasing heart rate and ventricular systolic force, propranolol 
appears to reduce myocardial oxygen requirements to a level more 
readily satisfied by restricted coronary blood flow. In an oral dose varying 
from as little as 40 mg. to as much as 400 mg. per day, the drug has been 
found effective in alleviating angina pectoris presently refractory to 
conventional modes of therapy.*7% 1°: 1°?! Most patients respond to a 
dosage level of 40 mg. administered three or four times daily, but if this 
dose does not produce an attenuation of the resting heart rate to 55 to 60 
beats per minute, gradual increments are made until this is accom- 
plished. The starting dose probably should be no more than 20 mg. three 
times daily, since absorption appears to vary considerably among patients 
and a small number will respond adequately at this level.'*7! 

Studies of the response to propranolol compared to a placebo have 
shown an average increase in exercise tolerance of approximately 22 per 
cent in a series of patients with angina pectoris.” While this was not in 
excess of the average response observed from the use of isosorbide 
dinitrate in the same patients, the fact that angina refractory to nitrate 
therapy may respond readily to propranolol indicates that a significant 
advance in treatment has been made. Nevertheless, because benefits 
from propranolol alone were too frequently only limited or slight, a study 
of its effects when administered in conjunction with isosorbide dinitrate 
was undertaken. Far beyond expectation, the concomitant administra- 
tion of both of these agents has been found to provide a new dimension 
in the treatment of angina pectoris.!**! 
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Propranolol plus Isosorbide Dinitrate 


Careful studies have disclosed that the combined actions of pro- 
pranolol and certain nitrates, notably isosorbide dinitrate, may not only 
be additive and complementary but also synergistic. Thus when these 
drugs were used in combination, the resultant increase in exercise toler- 
ance was four times that observed when either drug was used alone 
(Fig. 1). Strong evidence for synergism was also noted in studies of the 
ischemic patterns observed in post-exercise electrocardiograms (Figs. 
Jrandrsrandmlalblemlya%e! 

Although each drug tends to decrease the work of the heart and to 
prevent myocardial ischemia, it is primarily through the canceling out 
of adverse subsidiary effects that the two drugs appear to achieve thera- 
peutic synergism. Propranolol, while reducing the energy requirements 
for cardiac contraction, also reduces coronary blood flow through vaso- 
constriction (or loss of vasodilation). This undesirable action, which 
may partially negate its benefits, is effectively blocked by the simultane- 
ous use of an active nitrate preparation. Contrariwise, propranolol pre- 
vents the oxygen-wasting tachycardia induced by isosorbide dinitrate 
and other related compounds. These observations afford a plausible 
explanation for the fact that concurrent administration is attended by 
therapeutic responses which appreciably exceed the sum of those evoked 
when each of the two drugs is administered independently. 

In the vast majority of previously refractory cases (88.3 per cent), 
combined therapy consisting of propranolol (20 to 100 mg. orally) before 
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Figure 1. When propranolol and isosorbide dinitrate were used in combination, the 
increase in exercise tolerance was four times that observed when either drug was used 
alone. Numbers in the graph represent the average number of trips to pain in 28 patients. 
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Figure 2. Comparative EKG responses (lead V;) to standard exercise (26 trips) following 
propranolol or isosorbide dinitrate or both. Patient R.D., male, age 65 years. T.I., Time interval 
between the administration of the drug and the beginning of the test. 
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Figure 3. Comparative EKG responses (lead V;) to standard exercise (30 trips) following 
propranolol or isosorbide dinitrate or both. Patient A.S., male, age 60 years. T.I., Time interval 
between the administration of the drug and the beginning of the test. 
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Table 1. Average Maximal S-T Segment Depression Following 
Exercise (28 Patients) 


Placebo 2.7 mm. 
ISD 1.7 mm. 
Propranolol 1.5 mm. 
Propranolol and ISD 0.4 mm. 


meals and isosorbide dinitrate (5 mg., sublingually) after meals (with 
necessary modifications in individual cases) has produced not only a 
significant and unexpected increase in exercise tolerance but also a 
complete reversal or marked improvement in ischemic electrocardio- 
graphic patterns induced by standard exercise. Moreover, these benefits 
have been consistently maintained in most patients during follow-up 
periods ranging from 6 months to 21/2 years (Figs. 4 and 5). 

Consideration of the time of onset and duration of action of pro- 
pranolol and isosorbide dinitrate respectively helps to provide an op- 
timum formula for their administration in a combined treatment pro- 
gram. The following facts must be borne in mind in establishing a 
schedule for therapy: 

1. The patient’s most vulnerable period is following the ingestion 
of food. 

2. Propranolol requires 30 to 60 minutes for therapeutic effect, 
while ISD is active within 5 minutes. 

3. Propranolol in a single dose has a duration of action of 4 to 5 hours, 
while ISD sublingually exerts its influence for only 11/2 to 2 hours. 

In order to provide the longest period of maximum prophylaxis 
during physical stress the following routine is recommended: 

A. The patient is instructed to rest for at least half an hour after each 
meal whenever possible. 


Resting Immed. 2 Mins. 4 Mins. 6 Mins. 8 Mi 
Mins. 


{ 
fess] | 
fiz east 
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EEE 
Figure 4. EKG responses to standard exercise following (A) placebo, (B) isosorbide 


dinitrate, 5 mg. sublingually, (C) propranolol, 40 mg., and (D) isosorbide dinitrate and pro- 
pranolol. 
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Figure 5. EKG responses to standard exercise following isosorbide dinitrate or pro- 
pranolol or both. 


B. The dose of propranolol is administered before each meal, so 
that the drug is fully active upon the resumption of activity following 
the postprandial rest period. 

C. Isosorbide dinitrate is taken sublingually 5 minutes before the 
termination of the rest period following each meal. 

Given in this manner both drugs become active at about the time 
that physical exertion is resumed, and no portion of the prophylactic 
effect is wasted during the sedentary dining period. Since ISD tapers 
in its effect after 11/2 to 2 hours, it should be taken again between meals 
by those engaged in continuous activity or before any contemplated exer- 
tion by those who have no established routine of work or play. If this 
practice is not followed it is evident that only the limited benefits from 
propranolol may be available to the patient during certain periods of 
activity when maximum protection may be indicated. 

The schedule outlined may be modified according to need in the in- 
dividual case. Thus, if angina is experienced immediately on arising 
in the morning, ISD is administered prior to getting out of bed. If angina 
is encountered during the ingestion of food, ISD is given before meals, 
and if nocturnal angina occurs, both propranolol and ISD are prescribed 
at bedtime. The basic schedule outlined previously is of course main- 
tained with any or all of these modifications. Failure to consider the 
respective patterns of action of these drugs and to titrate their dosage 
for the individual patient has resulted not only in the denial of their 
synergistic activity but also in the claim that they are actually detrimen- 
tal or hazardous.! SimiJar indiscriminate use of other potent drugs such 
as insulin, epinephrine, cortisone, or thyroxine could also have led to 
their unjustified condemnation. 

Synergistic response was noted when propranolol was administered 
with other long-acting nitrates such as erythrityl tetranitrate and penta- 
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erythritol tetranitrate.2”?! It was not observed with sustained-action 
preparations of nitroglycerin, isosorbide dinitrate, or pentaerythritol 
tetranitrate. The phenomenon was also not seen when xanthines, dipy- 
ridamole, papaverine, or other agents were used in conjunction with 
propranolol.”? 

Side-effects from therapy are rarely of serious moment. Some pa- 
tients complain of tiredness in the legs, light-headedness, or diarrhea 
and rarely syncope. Marked bradycardia or postural hypotension may 
occasionally be associated with dizziness, weakness, or faintness. All of 
these manifestations frequently respond to adjustment in dosage. Short- 
ness of breath or overt evidence of congestive heart failure occur occa- 
sionally, but after digitalization and the use of diuretics, propranolol- 
nitrate therapy may generally be resumed with safety. Careful attention 
to body weight may provide a subtle clue to impending congestive heart 
failure. Because of the hazard of bronchospasm, therapy is generally 
avoided in patients with bronchial asthma. 


TRANQUILIZERS AND SEDATIVES 


Tranquilizers and sedatives were gaining increasing importance 
in the treatment of angina pectoris until the introduction of beta adrener- 
gic blockade. Since the psychic reaction to the perception of anginal 
pain tends to perpetuate or augment the transient imbalance between 
coronary flow and myocardial requirements, it is desirable to prevent the 
rebound effects which are mediated by the sympathetic nervous system 
and catecholamine release. Among these effects are augmentation of 
myocardial metabolism, increase of heart rate and blood pressure, and 
diminution of cardiac efficiency. 

Sedatives and tranquilizers, such as phenobarbital, meprobamate 
(Equanil, Miltown), and chlordiazepoxide (Librium), have proved 
valuable as adjuvant therapy in combination with ‘‘vasodilators” in the 
management of angina pectoris. Alcohol in moderate amounts may also 
be useful when employed for its tranquilizing properties, but it is not to 
be considered a coronary vasodilator.?* Indeed, when anxiety states 
coexist, tranquilizers may be as effective as “vasodilators” for reducing 
anginal episodes. This fact may not be recognized when the physician 
overlooks the total patient in his zeal to treat the disease alone. Beta 
adrenergic receptor blockade, however, by protecting the heart from 
psychogenic influences, has diminished the need for tranquilizing 
agents. 


ANTITHYROID DRUGS OR RADIOIODINE 


By reducing metabolism and diminishing the work of the heart, 
antithyroid drugs or radioactive iodine may prevent the transient myo- 
cardial ischemia underlying the anginal syndrome. In addition to these 
actions, the resultant decrease in the sensitivity of the myocardium to 
catecholamines and possible alteration in the utilization of oxygen or in 
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the pathways of energy release may play a significant role in clinical 
response. Although impressive results are occasionally observed in 
refractory cases of angina pectoris, the advent of beta-adrenergic block- 
ade has all but eliminated the need for consideration of induced myxede- 
ma as a therapeutic approach. 


SURGICAL REVASCULARIZATION OF THE MYOCARDIUM 


Surgical methods for revascularizing the myocardium in patients 
with severe forms of angina pectoris have gained wide popularity since 
proof of their efficacy has been established by clinical, anatomical, and 
biochemical means.* It has been claimed that myocardial perfusion can 
be increased in any region of the left ventricle by double internal mam- 
mary artery implantation. Although the risk has been regarded as rela- 
tively small, no controlled studies have been reported to indicate whether 
the early or long-term results actually justify surgical intervention. The 
Vineberg procedure, the single internal mammary arterial implant, has 
been reported as being associated with a mortality rate of 4.4 to 7.5 per 
cent,!? but newer and more complicated surgical techniques in patients 
with extensive coronary and myocardial disease have posed a far greater 
risk to survival. Thus, the wide variation in mortality statistics emana- 
ting from various surgical centers appears to arise not only from the 
type and frequency of such complex procedures but also from differences 
in the composite clinical and laboratory profile of the patients selected. 
Such variables may well explain the relatively low operative mortality 
rates of 5.0 and 9.3 per cent reported by Taylor and Gorlin® and Favaloro 
and associates,” respectively, in contrast with rates of 17.6 and 24.4 per 
cent experienced by Diethrich et al.’ and Bailey,” respectively (Table 2). 
Nevertheless, even in such competent hands more than 100 of their 
combined total of 506 “‘revascularized”’ patients were dead in less than 
1 year following surgery! 


Table 2. Results of Surgical Revascularization for 
Angina Pectoris 


MORTALITY 
NO. OF AVERAGE 
AUTHOR PATIENTS AGE IMMEDIATE DELAYED TOTAL 
Taylor 100 5.0% 6.0% 11.0% 
Favaloro et al. 150 50.0 9.3% 
Diethrich et al. 170 51.4 17.6% 10.0% 27.6% 
Bailey 86 toys) 24.4% 7.0% 31.4% 
Total 506 (50.9) 13.8% ( 8.1%) (23.9%) 


The influence of coronary vessel involvement on operative mortality 
has been repeatedly emphasized. In the series at our own hospital, the 
immediate mortality with a single artery implant was only 4.3 per cent 
when only one major coronary branch was significantly involved (i.e., 
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occluded more than 70 per cent of its diameter); the fatality rate rose to 
12.1 per cent when two major branches were involved in this manner 
and a double implant was performed, and the mortality risk soared to 
53.3 per cent when triple coronary artery disease was present (Table 3). 
But even within these well defined categories, elevation of the left 
ventricular end-diastolic pressure, associated with fibrosis, hypertrophy, 
or dilatation of the myocardium, also appeared to contribute greatly to 
operative risk. 

It is well known that a wide disparity exists between subjective im- 
provement and exercise performance in patients who have undergone 
surgery. Although most follow-up studies after revascularization opera- 
tions indicate subjective clinical improvement in 60 to 80 per cent of 
survivors, Kemp and Ellstead'* found that only 40 per cent of patients 
could walk farther on the treadmill after Vineberg surgery. More re- 
cently, Kassebaum and associates!! reported the reversal of positive 
exercise-electrocardiographic tests postoperatively in only 2 of 41 
patients (4.9 per cent). In contrast, we have observed the normalization 
of such patterns in 50 per cent of patients receiving propranolol-iso- 
sorbide dinitrate therapy.?” ?! Our own studies have shown that approxi- 
mately 20 per cent of surgical survivors exhibit excellent objective 
response manifested by increased capacity for exertion and unequivocal 
improvement or complete reversal of ischemic electrocardiographic 
patterns.” 4 This relatively small quantum of worthwhile benefit is far 
below the 88.3 per cent incidence of comparable improvement in medi- 
cally treated patients receiving propranolol-nitrate therapy. Although it 
has been reported that approximately 60 per cent of implanted internal 
mammary arteries show communication with the coronary system,° 
less than one third of operated patients have revealed both implants to 
be participating in such anastomoses. Indeed, in a recent study,'' good 
collaterals were observed in only 2 of 30 patients studied by means of 
postoperative arteriograms. 

Most reports on surgical revascularization assess the risk in terms of 
mortality, while the relatively high incidence of serious nonfatal compli- 
cations is often casually mentioned or completely overlooked. Ina recent 
series of 150 patients there were 52 such major complications.*> Myo- 
cardial infarction, atrial fibrillation, acute heart failure, severe bleeding, 
thrombophlebitis, separation of the abdominal portion of the wound, 


Table 3. Operative Mortality Risk Based on Vessels Involved 


MORTALITY 


MAJOR NO. OF IMMEDIATE DELAYED TOTAL 
BRANCHES CASES No. % No. % No. % 
Single 23 1 4.3 1 4.3 2 8.6 
Double 33 4 12.1 2 6.1 6 18.2 
Triple 30 16 yes} 3} 10.0 19 63.3 
Total 86 Bi 24.4 6 7.0 27 31.4 
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coronary fistulas, diaphragmatic hernias, sternal separations, serum 
hepatitis, and a variety of other disorders are frequently observed post- 
operatively. The “cost” of surgery in both morbidity and mortality, 
therefore, should not be underestimated. 

It seems evident that even under the most favorable circumstances, 
the double arterial implant is almost immediately responsible for infarc- 
tion, serious complication, or death in at least one out of every five pa- 
tients. To these casualty figures one must add the delayed mortality of 5 
to 8 per cent which occurs within the first 6 months following surgery, 
before the development of collateral circulation. For this calculated risk, 
objective clinical benefit may be anticipated in less than 50 per cent of 
survivors with noteworthy response in only 20 per cent. The crucial 
question, therefore, is whether the dramatic results achieved in a fortu- 
nate few justify the high price tag in morbidity and mortality for many. 

The candidate for surgery must be able to withstand the operative 
trauma without hope of early correction of the underlying myocardial 
perfusion deficit. An enforced convalescence of 6 months or more, 
therefore, is usually the rule either because of postoperative complica- 
tions or merely to allow sufficient time for the implanted arteries to com- 
municate with the coronary system. Little consideration has been given 
to the possible therapeutic value of such intervals of prolonged inactivity, 
particularly when combined with proper control of diet, the maintenance 
of optimum weight, abstinence from smoking, and avoidance of stressful 
environment—features generally prevailing during the postoperative 
recovery period. If the patient under medical therapy would manifest 
the same degree of cooperation and patience, who can calculate the 
possible rewards? 

Our experience with medical therapy employing a combination of 
propranolol and isosorbide dinitrate has shown this regimen to be at- 
tended by a much lower mortality, significantly higher incidence of 
benefit, and greater freedom from complications than has been observed 
following surgical revascularization (Tables 2, 4, and 5). It is realized 
that conclusions based on comparisons between coronary groups, how- 
ever carefully controlled, may be subject to serious error. In relatively 
small series, the matching of cases according to age, sex, severity of 
angina, number of clinical bouts of infarction, and cineangiographic 
data may not suffice to insure comparability of life expectancy. Less well 


Table 4. Comparison of Results Following Medical and Surgical 
Management of Angina Pectoris (1 Year Follow-Up) 


PREVIOUS CINEANGIOGRAPHY MORTALITY 
NO. OF MYOCARDIAL = 

THERAPY PATIENTS INFARCTION No. Single Double Triple No. % 
Medical 

(Prop. & ISD) 60 31 119) - 2 10 33 ‘5y(0) 

(Russek?°) 

Surgical 

(Bailey’) 86 40 86 D1} 33 30 27. Sina 


oe  ——— 
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Table 5. Observed Mortality (Per Cent) Following Therapy for 
Angina Pectoris 


Therapy 
= Surgical 
=! Medical 


(Conven. ) 


Medical 
(Propran § ISD) 


KHHrraros 


Gorlin § Diethrich Russek 
Taylor et al. et al. 


defined factors, such as the status of the myocardium, the extent of 
effective collateralization, the rate of progression of the underlying 
atherosclerotic process, and the presence of complicating disease, may 
be far more significant as determinants of longevity. In our comparative 
study the fact that the patients comprising the “medical” group were 
in most instances deemed “poor operative risks” by our surgical col- 
leagues lends support to the validity of the conclusions. 

From these considerations it would appear that while the value of 
operative intervention in specific instances is undeniable, there is no 
acceptable proof that such surgical techniques are attended by greater 
over-all benefits than are currently obtained with conservative therapy 
in angina pectoris. With the new medicinal approach there are few sub- 
jects who can be classified as refractory to treatment, and of this small 
number, most would be deemed unsuitable for surgery as well because 
of the prohibitive operative risk. Consequently, the selection of patients 
for operative intervention should be attended by far greater circumspec- 
tion than has prevailed in the past. 


ELECTRICAL STIMULATION OF THE CAROTID 
SINUS NERVES 


Surgical implantation of electrical stimulators of the carotid sinus 
nerve has been reported to relieve patients with incapacitating angina 
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pectoris.* Activation of the stimulator allegedly terminated almost all 
episodes of angina in 11 of 17 patients in whom implantation was per- 
formed. Two patients experienced no benefit, while two others died from 
the procedure. 

This high immediate mortality rate from an approach of questionable 
long-term value must surely be regarded as unacceptable. Moreover, 
inasmuch as a prerequisite for implantation was ‘“‘an increase in exer- 
cise tolerance after administration of either nitroglycerin or isosorbide 
dinitrate,” it appears more than likely that equal or better results would 
have been achieved from the prudent use of propranolol-nitrate therapy. 
If the same attention required for the repeated activation of the stimula- 
tor were given to the prophylactic and therapeutic trial of nitroglycerin 
or isosorbide dinitrate in conjunction with propranolol, such meddle- 
some surgery would very likely find little or no clinical application. 
Indeed a “remarkable” aspect of this new therapy seems to reside in 
the fact that 17 patients considered suitable for operation could be found 
so readily after the apparatus was made available. The veneration of the 
scalpel and the gadget in therapeutics today too often results in the 
premature application of potentially hazardous techniques before more 
conservative methods have had adequate skillful trial. 


SUMMARY 


Since the introduction of nitroglycerin, there have been only two 
major advances in the therapy of angina pectoris—the long-acting 
nitrates and propranolol. While each may be effective alone in individual 
patients, their combination produces striking synergistic effects, con- 
stituting a major breakthrough in the management of refractory angina 
pectoris. 

At the present time it appears unlikely that the dramatic results 
achieved in a fortunate few justify the relatively high morbidity and 
mortality associated with surgical revascularization of the myocardium. 

Stimulation of the carotid sinus nerves by surgical implantation of 
electrodes is a potentially dangerous experimental procedure having 
questionable indications and dubious long-term value. It appears more 
than probable that equal or better results could be achieved, without 
hazard, from the prudent administration of medicinal agents. 
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Newer Concepts of Cerebral 
Vascular Disease 


JOHN STIRLING MEYER, M.D.* 


The purpose of this review is to familiarize the reader with 
some recent concepts of the epidemiology, pathogenesis, and treatment 
of cerebrovascular disease. Well-known facts in the management of 
stroke will not be reviewed, such as the value of rehabilitation and the 
importance of nursing care. Instead, some recent and provocative con- 
cepts will be discussed, several of which are under current investigation 
and are the subject of interesting debate. 


STROKE AS A CAUSE OF DEATH 


Advances in medical treatment, such as the widespread use of anti- 
biotics for the treatment of infectious diseases, have prolonged life 
expectancy, resulting in an increased incidence of all types of vascular 
disease. As a result, cerebrovascular disease or stroke has moved upward 
to rank third among the leading causes of death in the United States, 
following heart disease and cancer. Despite this, there is encouraging 
evidence that the incidence of stroke is declining. The age-adjusted 
mortality rate from cerebrovascular disease has shown a steady decline 
since 1915 with an impressive decrease since 1930.4 For example, the 
mortality rate for those at greatest risk—namely, nonwhite females 
(predominantly Negroes)—has declined from 200 to 130 per 100,000 
population between 1915 and 1963. The reason for the decline is not 
known for certain, but probably reflects multiple aspects of improved 
public health, such as better nutrition, reduction of obesity, control of 
hypertension and renal disease, prevention of syphilitic arteritis, reduc- 
tion in the incidence of rheumatic heart disease, and improved treatment 
of cardiac disorders. 

Information is now available which makes it possible to iden- 
tify those who are likely to suffer from a catastrophic stroke before it 
occurs and thus to take suitable corrective measures to prevent its oc- 
currence. Furthermore, the physician is now in a position to diagnose 
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patients with early and reversible symptoms of stroke and to consider 
different methods of treatment which will prevent the occurrence of a 
permanent neurologic deficit. A review of current concepts of cerebro- 
vascular disease is particularly appropriate at this time, since methods 
of medical and surgical treatment are now undergoing critical evalua- 
tion. While opinion is by no means unanimous concerning the indications 
and contraindications for the various forms of treatment, there is a grow- 
ing body of evidence (obtained from controlled therapeutic trials) that 
certain types of treatment appear to be beneficial in certain types of 
strokes. 

In the interests of brevity, no attempt will be made to make an all- 
inclusive review of cerebrovascular disease, but relatively new concepts 
will be considered in the following general areas: 

(1) certain risk factors which appear to predispose to cerebrovascu- 
lar disease; (2) current views relating to the classification of different 
types of cerebrovascular disease; (3) recent information concerned with 
the pathogenesis of neurological symptoms due to cerebrovascular dis- 
ease, with particular emphasis on the neurochemical accompaniments 
during the appearance and recovery from neurological deficits due to 
cerebral ischemia; and (4) current concepts of certain types of medical 
and surgical therapy that may be considered in various categories of the 
disease. 


RISK FACTORS WHICH PREDISPOSE TO STROKE 


Both prospective and retrospective studies of several population 
groups have shown that a number of factors appear to be causally re- 
lated to cerebrovascular disease.” '® ?1: 38:41 Hypertension (systolic blood 
pressure in excess of 160 mm. Hg and diastolic pressure in excess of 90 
mm. Hg) has been shown to be present in the majority of patients with 
all types of stroke. In one prospective study'® that has been in progress 
for 15 years, hypertension was present in over 80 per cent of patients 
with stroke. This study deals with a middle-class population receiving 
relatively good medical care. Sixty per cent of strokes were due to 
atherosclerotic cerebral infarction and 20 per cent to intracranial hemor- 
rhage (usually subarachnoid hemorrhage, probably caused by ruptured 
saccular aneurysm). Intracerebral hemorrhage was relatively rare, 
representing less than 5 per cent of strokes. 

Electrocardiographic abnormalities, such as those related to hyper- 
trophy of the left ventricle, ischemia and infarction of the myocardium, 
intraventricular block, and dysrhythmias, were present in more than 60 
per cent of patients with stroke. Cardiac enlargement was often present, 
particularly in those with intracranial hemorrhage. The past medical 
history usually gave evidence of coronary artery or peripheral vascular 
atherosclerosis. There was frequently a family history of both cerebro- 
vascular and cardiovascular disease. Obesity and cigarette smoking 
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appear to be factors which predispose to stroke, as do blood cholesterol 
levels in excess of 250 mg. per 100 ml. 

In one series of cases, glucose tolerance tests were compatible with 
diabetes mellitus in about 30 per cent of patients with occlusive cerebral 
vascular disease. Between one half and three quarters of patients with 
occlusive cerebral vascular disease have been reported to have warning 
symptoms commonly referred to as transient ischemic attacks (TIA’s). 
TIA’s may be defined as episodes of neurological deficit arising from 
temporary attacks of focal cerebral ischemia which are variable in dura- 
tion, lasting from a few minutes to as long as 12 to 24 hours, followed by 
recovery without neurologic deficit. 


CLINICAL CLASSIFICATION 


The most widely used term for cerebrovascular disease among mem- 
bers of the public is “stroke,” which may be defined as a state of im- 
paired neurological function due to an interruption of the blood supply 
to the brain. The term is broad and covers all the major categories of 
cerebrovascular disease, including cerebral hemorrhage, thrombosis, 
and embolism. At the bedside, it is difficult, although by no means im- 
possible, to differentiate cerebral embolism from cerebral thrombosis. 

From a clinical point of view, cerebrovascular disease is now com- 
monly classified (1) according to etiology, (2) by some estimation of the 
type and site of the pathology as judged by the clinical course and the 
neurological manifestations, including the name of the vessel assumed 
to be diseased, and (3) by means of information derived from special 
procedures, such as examination of the spinal fluid, arteriography, radio- 
active brain scanning, and electroencephalograms. 

The appearance of xanthochromia or blood in the cerebrospinal 
fluid strongly confirms the diagnosis of intracranial hemorrhage. Ar- 
teriograms commonly show stenotic or occluded vessels or the pres- 
ence of an aneurysm. Radioactive brain scans and the EEG frequently 
show focal abnormalities produced by intracerebral hemorrhage or 
infarction. 

Two illustrative examples of this more complete type of diag- 
nostic classification which may be demonstrated during life are, first, 
ruptured congenital saccular aneurysm of the right posterior com- 
municating artery with paralysis of the third cranial nerve and subarach- 
noid hemorrhage, and second, stenosis of the right internal carotid 
artery due to an ulcerated atheromatous plaque with embolism to the 
right middle cerebral artery and TIA’s characterized by attacks of left 
hemiparesis. It is now possible to diagnose ulcerations of atherosclerotic 
plaques from the appearance of aortocranial arteriograms. These may 
show characteristic indentations of the plaque due to ulceration. For a 
complete and detailed description of the various syndromes due to 
vascular disease, the reader is referred to several recent mono- 
graphs.” 18, 23, 26, 27, 35, 39 
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PATHOGENESIS OF CEREBRAL ISCHEMIA 


In general, cerebrovascular disease can be divided into ischemic and 
hemorrhagic disorders, although the conditions may and frequently do 
coexist, the one being the cause of the other. For example, brain swelling 
from intracerebral hemorrhage may compress the posterior cerebral 
artery against the tentorial edge and cause infarction of the opposite 
occipital lobe, while ischemic areas may become hemorrhagic when 
blood flow is restored to zones where the small vessels have become 
necrotic. 

Apart from some types of embolism from the heart, ischemic infarc- 
tion of the brain is usually the result of atherosclerosis of cerebral 
vessels (cerebral arteriosclerosis), although rare causes should be con- 
sidered, such as arteritis, dissecting aneurysm, and fibromuscular dys- 
plasia of the cerebral vessels.® Thus prevention of cerebrovascular dis- 
ease is closely related to gaining further knowledge of the pathogenesis 
of cerebral arteriosclerosis. 

Arteriosclerosis and atherosclerosis of cerebral vessels are usually 
considered to be chronic degenerative processes; however, they appear 
to be accelerated by factors such as hereditary predisposition, hyper- 
tension, obesity, diet, endocrine disorders, smoking, and lack of exercise. 
The endocrine disorders appear to include diabetes and hypothyroidism. 

Once severe cerebral ischemia or infarction has occurred, the ability 
of the cerebral vessels to autoregulate (i.e., to maintain regional blood 
flow constant despite changes in perfusion pressure by constricting or 
dilating) is impaired in the area of injury. As a result, the well-known 
fluctuations in blood pressure associated with hypertension and heart 
disease may become accompanied by episodic cerebral symptoms (such 
as TIA’s) in the distribution of stenotic or occluded cerebral vessels. 
Thus, while the majority of TIA’s are caused t y embolism from athero- 
sclerotic plaques within the main cerebral vessels in the neck, another 
rare cause is fluctuations in blood pressure. 


Cerebral Atherogenesis 


Recent information gained in the field of cerebrovascular disease 
may be pertinent with regard to the two main theories of the patho- 
genesis of atherosclerosis of the cerebral vessels. The first theory as- 
sumes that an atherosclerotic plaque results from deposition of lipids 
in the intima of the vessel wall by imbibition from the bloodstream. This 
theory is given some support by the fact that hypercholesterolemia and 
hypertriglyceridemia show a relative high incidence in groups of patients 
with occlusive cerebrovascular disease. It is presumed that the com- 
mon sites of atherosclerotic plaque formation in the cerebral vessels 
(namely, the circle of Willis and the origins of the internal carotid verte- 
bral and basilar arteries) are due to stresses and turbulence at these 
points, accentuated by hypertension. 

Of considerable interest is some new information which appears 
more pertinent to the second theory of atherogenesis postulated by 
Duguid.’ This theory relates the formation of the atherosclerotic plaque 
to the deposition of thrombus material in the intima of blood vessels. 
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The thrombus is then incorporated by the growth of endothelium over it, 
including the rich lipid content of the blood element, particularly the 
platelets. Serial arteriograms in patients with cerebrovascular disease 
show evidence which supports the Duguid theory. In some cases, rapid 
enlargement of plaques in the vertebral and carotid arteries has been 
reported. In others, the development of sudden occlusion by super- 
imposed thrombi has been noted, and at endarterectomy, organization of 
thrombi superimposed on plaques has often been found. 

It is common knowledge that cerebral embolism is a frequent com- 
plication of rheumatic heart disease, but in recent years, the prevention 
of rheumatic heart disease by the widespread use of antibiotics has made 
cerebral embolism from both rheumatic heart disease and subacute 
bacterial endocarditis rare. As already implied, the commonest causes 
of cerebral embolization at the present time are (1) fragmentation of 
mural thrombi in the heart resulting from acute myocardial infarction, 
and (2) embolization of the cerebral vessels from thrombi located in 
atherosclerotic plaques located at the carotid bifurcation in the neck 
and at the origin of the vertebral arteries. As already stated, by far the 
commonest cause of cerebral embolism at the present time is from 
thrombi on ulcerated plaques in the carotid arteries in the neck, and it is 
now apparent that occlusion of the middle cerebral artery usually 
results from this mechanism rather than from thrombosis upon an 
atherosclerotic plaque located within the middle cerebral artery itself. 
The implication of observations such as these in relation to atherogene- 
sis, the therapeutic possibilities of reduction of blood cholesterol levels, 
and the use of anticoagulant and surgical therapy will be discussed later. 


Transient Ischemic Attacks 


When recurrent attacks of regional cerebral ischemia give rise to 
symptoms and signs attributable to those areas of brain perfused by the 
carotid artery, the term “carotid insufficiency” is usually applied, and 
when they are in the distribution of the supply of the vertebral artery, 
the term ‘‘vertebral-basilar insufficiency” is used. As already discussed, 
transient ischemic attacks (TIA’s) most frequently are due to embolism 
from atherosclerotic plaques in the proximal carotid and vertebral 
arteries and less commonly due to fluctuations of the cardiac output. 
Rarely, however, TIA’s may be associated with other factors, such as 
anemia, polycythemia, hypoglycemia, and kinking or occlusion of the 
vessels in the neck caused when the head is turned. TIA’s due to em- 
bolization tend to be more focal and less diffuse than those due to the 
other hemodynamic mechanisms cited. If they are due to embolism, 
recovery of function is achieved by development of a collateral circula- 
tion from neighboring cerebral vessels, or by lysis, fragmentation, and 
dissolution of the embolus. From a clinical point of view, the importance 
of TIA’s is that they are “warning episodes” and permit institution of 
therapy prior to the onset of stroke.” ** '” 


Carotid Insufficiency Syndrome 


Classically, TIA’s within the carotid system produce recurrent 
attacks of blindness on the side of the diseased vessel (amaurosis fugax) 
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due to embolism or ischemia in the distribution of its branch, the 
ophthalmic artery. Amaurosis fugax is usually associated with attacks of 
contralateral hemiparesis, hemisensory loss, or dysphasia if the left 
(which is usually the dominant) hemisphere is involved. Between 
attacks, the neurological examination is normal, except that about 50 
per cent of patients have a loud murmur over the ipsilateral carotid 
artery due to turbulence of flow around a plaque. About one third of these 
patients develop a stroke within 3 years. 


Vertebral-Basilar Insufficiency 


TIA’s within the vertebral basilar territory carry a somewhat better 
prognosis than carotid insufficiency, although a considerable percentage 
of patients die of basilar thrombosis within 3 years after the onset of 
symptoms of vertebral-basilar insufficiency. Characteristic symptoms 
and signs consist of attacks of various combinations of dimness of vision, 
suboccipital headache, photopsia, hemianopia, diplopia, ptosis, facial 
weakness, perioral numbness, vertigo, and ataxia. These symptoms with- 
out loss of consciousness are highly characteristic and are due to 
ischemia of the medullary pyramids. 


Transient Global Amnesia 


Attacks of disorientation and loss of memory are a rare symptom of 
cerebrovascular insufficiency and occur in middle-aged and elderly pa- 
tients. There are now numerous case reports of such attacks, referred to 
as the transient global amnesia syndrome.*’ The attacks are highly char- 
acteristic and consist of total amnesia for periods of 11 to 24 hours. 
During attacks, the patient can drive a car, speak, and carry out complex 
acts, but appears confused and disoriented and shows poor judgment. 
Complete neurological recovery has occurred in all reported cases within 
a matter of 24 hours to a few days, but total amnesia persists for the 
duration of the attack. In some cases, the EEG has shown slowing in 
the temporal areas shortly after the attack. Bruits have been noted over 
the carotid arteries in the neck and the cause is assumed to be ischemia 
within the temporal lobes and parahippocampal areas, since these are 
the regions within the brain responsible for memory processes. 


Thromboembolic Cerebral Ischemia and Infarction 


Infarction of the brain is most commonly due to thrombosis or 
embolism of a major vessel with insufficient collateral circulation to 
maintain the tissue viable. It should be borne in mind that provided 
between 20 and 80 per cent of normal regional perfusion is maintained, 
ischemic cerebral tissue will remain functionally impaired or paralyzed 
but viable, so that if collateral circulation is eventually returned, some 
functional recovery may be expected. 


Cerebral Metabolic Changes Accompanying Cerebral Ischemia 
and Infarction 


Attempts have been made to correlate measurements of cerebral 
blood flow and metabolism in patients with cerebral ischemia and in- 
farction with the clinical outcome. There appears to be little doubt 
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that the neurological deficit is primarily caused by regional cerebral 
anoxia.”* #83 When cerebral tissue Po, falls below 25 mm. Hg, anaerobic 
glucose metabolism results, with increased lactate production, which is 
about one sixth as efficient as aerobic glucose metabolism, so that 
although viability remains, some impairment of function of the tissue 
usually results. If tissue Po, falls to zero for 8 minutes or longer, ir- 
reversible infarction with permanent depression of metabolism occurs. 
In other words, patients with the potential of recovery from cerebral 
ischemia are likely to show some indices of viability of ischemic tissue, 
evidenced by a shift to anaerobic glucose metabolism. In such patients, 
cerebral lactate production and the glucose:oxygen consumption ratio 
is increased, but pyruvate production remains unchanged. In patients 
in whom the measurements were repeated after recovery from the 
neurological deficit, the cerebral blood flow and metabolism increased. 
On the other hand, patients with permanent neurological deficits due to 
irreversible cerebral infarction showed marked and permanent reduc- 
tion of blood flow with reduction of both glucose and oxygen con- 
sumption. 

At the onset of acute infarction localized to one cerebral hemisphere, 
measurements showed bilateral reduction of regional blood flow and 
metabolism. Diffuse depression of blood flow and metabolism from a 
localized lesion usually persisted for about 3 weeks; thereafter, the 
blood flow and metabolism of the noninfarcted hemisphere returned 
toward normal values. This interesting finding has been attributed to the 
phenomenon of “diaschisis,’ which may be defined as the remote 
depressive effects of an acute brain lesion on other parts of the central 
nervous system. Diaschisis may be likened to the phenomenon of spinal 
shock.** 

The metabolic accompaniments of diaschisis provide the clinician 
with a metabolic basis for understanding signs and symptoms such as 
stupor, coma, torpor, lethargy, obtundity, and failure to move the non- 
paralyzed limbs that often accompany an acute infarction limited to one 
hemisphere. It also lends scientific support to the physiatrist’s claim 
that early physical therapy and rehabilitation hasten recovery in the 
course of a stroke. 


SOME CONCEPTS OF REGIONAL HEMODYNAMICS 
THAT ACCOMPANY RECOVERY FROM STROKE 


As already stated, ultimate restoration of normal blood flow to an 
area in which it was once impaired may result in functional recovery if 
the cerebral tissue is still viable. Regional blood flow to any area of brain 
depends on the state of patency and constriction or dilation of the blood 
vessels, the composition of the blood, and the perfusion pressure. Oc- 
cluded vessels may become patent once again by lysis of emboli and 
thrombi or increases in blood pressure (perfusion pressure). The col- 
lateral circulation may restore blood flow to areas of ischemia even if 
blood vessels normally supplying that area remain occluded. Factors 
influencing the collateral blood flow are the low pressure within an 


356 JoHN STIRLING MEYER 


ischemic zone (since blood flows from high to low pressure areas) and 
biochemical factors which cause regional dilation, such as reduction of 
tissue Po, and accumulation of acid metabolites including CO, and 
lactic acid. 

There are also localized cerebral and generalized systemic changes 
in the composition of the blood which unfavorably influence blood flow 
to the ischemic zone. Ischemic damage to the small vessels causes them 
to leak fluids from the plasma with cerebral edema and regional hemo- 
concentration.2> This increases the viscosity of the blood and further 
impedes local blood flow, while tissue edema compresses the capillaries 
and obstructs local flow. Systemic changes in the blood, which com- 
monly occur and contribute to progressive cerebral ischemia and 
infarction, include hemoconcentration due to dehydration and increased 
coagulability of the blood. Fibrinogen levels are abnormally increased, 
the fibrinolytic system may be decreased, and the platelets and blood 
elements tend to become more adherent to one another and to the vessel 
walls within the ischemic zone of brain. 


THERAPEUTIC CONSIDERATIONS 


Treatment of Transient Ischemic Attacks 


In several studies,’® anticoagulant therapy has been shown to reduce 
the incidence of transient cerebral ischemic attacks, presumably by 
reducing the incidence of embolization to the brain from proximal 
lesions in the vessels of the neck and from cardiac sources. Surgical 
removal of atherosclerotic plaques located in the extracranial portions 
of the carotid arteries has also been shown to benefit patients with 
TIA’s and episodes of cerebral infarction with mild neurological 
deficit.2: 3; 4 


Treatment of Intracranial Hemorrhage 


Some evidence has been adduced that control of hypertension re- 
duces the incidence of intracerebral hemorrhages, probably reduces 
symptoms due to occlusive cerebral vascular disease and possibly symp- 
toms due to rupture of intracranial aneurysms.’ *°*> Ligation and 
clipping of certain intracranial aneurysms or of the carotid artery 
supplying an aneurysm of the posterior communicating arteries ap- 
pears to be justified in patients with rupture and subarachnoid hemor- 
rhage but without stupor or critical neurological status.®* 

Evacuation of intracerebral hematomas, particularly in the cere- 
bellum, may prove life-saving.” The general impression that cerebellar 
hemorrhage is rare is probably erroneous, since the cerebellum is the 
site of about 10 per cent of intracerebral hemorrhages. The main etiologic 
factor appears to be hypertension, usually with rupture of a vessel in the 
vicinity of the dentate nucleus. In about 60 per cent of cases, there is 
abrupt onset of headache, vomiting, vertigo, and ataxia, followed by loss 
of consciousness, periodic breathing, constriction of the pupils, contra- 
lateral hemiplegia, and deviation of the eyes away from the lesion. In 
another 20 per cent, the onset of cerebellar signs is gradual, and in the 


NEWER CONCEPTS OF CEREBRAL VASCULAR DISEASE 357 


remaining 20 per cent, the onset of coma is rapid. Lumbar puncture 
indicates subarachnoid hemorrhage; retrograde brachial arteriography 
may show displacement of the basilar artery and its branches or, rarely, 
reveal an arteriovenous malformation. Ventriculography shows dis- 
placement of the fourth ventricle and enlargement of the lateral ven- 
tricles. Suboccipital craniotomy and evacuation of the hematoma leads 
to a good quality of survival in the majority of cases. 


Treatment of Progressive Stroke 


This is one of the most controversial problems in neurological 
therapy today. It is generally agreed that endarterectomy of the cranio- 
cervical vessels is contraindicated in the acute stage of severe neuro- 
logical deficit due to a progressive stroke. Nevertheless, acute stroke is 
an important therapeutic problem and careful clinical and experimental 
evaluation of different forms of therapy are imperative if the best 
methods of treatment are to be defined. Inhalation of oxygen is generally 
conceded to be beneficial, since delivery of oxygen to ischemic zones of 
the brain is enhanced. Hyperbaric oxygenation may be more effective 
than inhalation of oxygen at ambient pressures, but it is neither a prac- 
tical nor a widely available form of treatment at the present time. 

The question of whether or not intermittent 5 per cent carbon 
dioxide should be added to the inhaled oxygen mixture for 15 minutes 
out of each hour during treatment of the acute stroke is currently a 
matter of debate. Some are of the view that carbon dioxide inhalation or 
the use of other potent cerebral vasodilators may divert blood away from 
areas of ischemia into zones of normal brain (the so-called phenomenon 
of “intracerebral steal’’), while others are of the opinion that enhancing 
total cerebral blood flow will increase the collateral circulation to areas 
of ischemia.” !* #1 

It is well known that reduction of blood supply to the brain is 
followed by a reaction of regional cerebral vasodilation which is maximal 
during the ischemic and immediate postischemic phase."!’”* °° If the 
vessels in the ischemic territory are already maximally dilated, then in- 
halation of CO, mixtures will cause dilatation only in normal areas of 
brain and could potentially steal blood away from areas of reduced flow. 
Studies of the effects of CO, inhalation on regional blood flow in experi- 
mentally infarcted areas of the brain are by no means in agreement, some 
laboratories reporting increased blood flow to the ischemic hemisphere 
and others a reduction or steal.'” *° 

This therapeutic dilemma is rendered more complex by the fact that 
following acute cerebral infarction in man, cerebral blood flow and 
metabolism are reduced in the ‘normal’ hemisphere as well as the in- 
farcted hemisphere due to diaschisis, in which the trans-synaptic de- 
pression of nervous function remote from the infarct is also accompanied 
by regional depression of blood flow and metabolism, so that enhance- 
ment of total blood flow and metabolism, even if distributed to the 
depressed but not infarcted brain, may be beneficial.*! *4 

Measurements of regional blood flow in a few patients with acute 
infarction during inhalation of CO, mixed with oxygen have been re- 
ported to show evidence of the ‘“‘steal phenomenon,” but measurements 
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of average cerebral blood flow and metabolism showed that both were 
improved by CO, inhalation.®*! Intravenous administration of papa- 
verine has also been reported to increase average cerebral blood flow 
and metabolism in patients with acute stroke, and in one study this was 
accompanied by clinical improvement.” 

An entirely different and promising approach to the treatment of 
acute cerebral infarction has been the intravenous administration of low 
molecular weight dextran. The first “loading dose” of 500 ml. was 
administered rapidly intravenously over a 1 hour period and thereafter 
500 ml. were infused over each 12 hour period for 3 days. In a ran- 
domized series of 100 patients with acute cerebral infarction, evenly 
matched for age and general medical condition and who were treated 
within the first 72 hours of the onset of neurological deficit, those in the 
treated group showed lower mortality and a significantly improved 
quality of survival. Low molecular weight dextran presumably improves 
blood flow to ischemic areas of brain by reducing hemoconcentration and 
aggregation of blood elements." 

It is fortunate that the upsurge of interest in the therapeutic prob- 
lems of cerebrovascular disease is world-wide. It should be apparent 
from this brief review that there is still a great deal of investigation that 
remains to be done. The knowledge gained in the past 20 years has been 
considerable. If present progress continues, it seems likely that effective 
methods of treatment and prevention in certain types of cerebrovascular 
disease should become well established in the next decade. 
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Management of Pulmonary 
Embolism 
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Although Laénnec clearly described the clinical picture, 
physical findings, and gross pathology of pulmonary embolism (“pul- 
monary apoplexy”) in 1819,*° and Virchow established the basic patho- 
physiology of embolization in the 10 year period 1846 to 1856,” benefi- 
cial modes of therapy for pulmonary embolism have been available only 
to twentieth century physicians. The therapy has varied as new advances 
of medical or surgical management have occurred. The advances have 
been fostered by a better understanding of the pathophysiology of pul- 
monary embolism. This discussion will briefly review the incidence, 
pathophysiology, diagnosis, and management of pulmonary embolism 
and will emphasize those methods for managing pulmonary embolism 
which currently appear most promising. 


INCIDENCE 


Pulmonary embolism ranks among the leading causes of death and 
disability in this country. In 1959, Coon and Willis suggested that 47,000 
deaths per year occurred in the United States with pulmonary embolism 
as the sole cause for the death, and that pulmonary embolism played a 
significant role in approximately 150,000 other deaths per year.'” Subse- 
quent reports have indicated that these estimates may be quite low and 
that the frequency of pulmonary embolism is increasing. 

Morrell and associates reported a fivefold increase of cases of pul- 
monary embolism in two Oxford hospitals between 1952 and 1962.% 
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Figure 1. Graph showing the increase in 
the number of cases of pulmonary embolism 
at the Duke University Medical Center over 
the past 28 years. The increase appears to be 
related to a higher index of suspicion and the 
increased use of better diagnostic procedures. 
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They noted that there were four times as many fatal cases in the last 
year of their study as in the first. Freiman and associates found 65 per 
cent of the lungs, in a consecutive postmortem study, to show evidence 
of old or fresh pulmonary emboli.” Recently, Smith and associates have 
reviewed a year’s collection of autopsy cases from the Peter Bent Brig- 
ham Hospital and found pulmonary embolism to be the single most 
common cause of death, with approximately one out of seven autopsied 
patients dying of the disease.™ 

A review of the medical records of the Duke University Medical 
Center for the years 1940, 1950, 1960, and 1968 has demonstrated a 
marked increase in the frequency of the diagnosis of pulmonary embo- 
lism (Fig. 1). The increase in the number of diagnoses appears to be 
related to a higher index of suspicion by the staff, to the advent of im- 
proved and readily accessible diagnostic facilities, and to a real increase 
in the incidence of the disorder. 


PATHOPHYSIOLOGY 


The deleterious effects of pulmonary embolism have been attributed 
to a mechanical blockage by the embolus, to neural reflex mechanisms, 
and to humoral substances released by the embolus. 

The mechanical effects of pulmonary emboli have long been recog- 
nized, and numerous investigators believe that the symptom complex 
can be explained on this basis alone.'? Healthy patients can tolerate 
pneumonectomy or total unilateral pulmonary artery occlusion from em- 
bolism with relative ease®*! because the pulmonary circulation can 
usually accept three to four times its normal blood flow without elevation 
of the pulmonary artery pressure. Furthermore, experimental ligation 
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of one of the main pulmonary arteries is usually not accompanied by an 
increase in pulmonary artery pressure. However, when pulmonary 
embolism occurs in patients with pre-existing pulmonary or cardiac 
disease, the pulmonary artery pressure may become elevated and the 
catastrophic events of acute pulmonary hypertension, right heart failure, 
anoxia, and death may ensue. Further support for the mechanical theory 
comes from Dexter’s experimental observations that “the circulatory 
response to arterial embolization is mainly on the basis of mechanical 
obstruction and that embolization of arteriolar vessels is mainly due to 
vasoconstriction.’”! Furthermore, Gorham’s postmortem studies showed 
that 85 of 100 patients who died from pulmonary embolism had total 
occlusion of one pulmonary artery and additional emboli in the opposite 
lung.*: 29 

Although the majority of deaths occur in the group of patients 
suffering massive pulmonary embolism, occasionally autopsy findings 
demonstrate smaller emboli which presumably have caused death. 
Furthermore, small emboli occasionally appear to be the sole cause of 
severe symptoms. These findings suggest that other mechanisms may 
be responsible for the symptoms. Numerous experimental studies have 
demonstrated reflex bronchoconstriction and pulmonary vasomotor 
effects. Vagal mediated impulses have been shown to produce broncho- 
constriction and constriction of the pulmonary arterioles and alveolar 
capillaries.*” *! However, the role of vagally mediated pulmonary vaso- 
constriction or bronchoconstriction in pulmonary embolic disease is 
unclear at present. 

There is good evidence to support the role of humoral factors in the 
pathophysiology of pulmonary embolism. In 1953, Comroe suggested 
that the bronchoconstriction of pulmonary embolism was due to the 
release of serotonin or histamine from disintegrating platelets.’° Nadel 
and associates demonstrated that, in cats, barium sulfate microemboli 
caused increased pulmonary resistance, increased pulmonary dead 
space, and decreased pulmonary compliance. In their study, similar 
changes were observed with histamine injections into the right side of 
the heart. Consequences of both the histamine infusion and barium 
sulfate microembolization were prevented by intravenous infusions of 
isoproterenol. It was their conclusion that the physiological effects of 
barium sulfate emboli were secondary to the release of histamine, which 


caused contraction of the peripheral respiratory units.” 
Gurewich and associates and others have demonstrated that bron- 


choconstriction®” *’ and pulmonary artery resistance*! may be increased 
by the release of biologically active amines from the platelets of the 
thromboembolus.?! 7:7! These authors have demonstrated the ability 
of heparin to block the platelet-thrombin interaction and thus reduce or 
relieve the bronchoconstriction and vasoconstriction by reducing the 
amount of the active amines released. By using cross circulation experi- 
ments in sheep, Halmagyi and his co-workers provided confirmatory 
data that humoral substances were active in producing bronchoconstric- 
tion and increased pulmonary artery resistance during pulmonary em- 
bolization.22 The evidence suggests that humoral substances, notably 
serotonin and histamine, are released from platelets aggregated on the 
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surface of the thromboembolus. The humoral substances cause broncho- 
constriction and vasoconstriction during the time of the acute pulmonary 
embolus. 

It appears that the deaths resulting from pulmonary embolism are 
due to mechanical obstruction, plus the added insults of neural or 
humoral induced vasospasm and bronchoconstriction. 


DIAGNOSIS 


Pulmonary embolism is a disorder with a multitude of appearances 
and no pathognomonic signs or symptoms. The patient may present 
with cardiovascular collapse from a massive pulmonary embolus or 
with brief intermittent episodes of wheezing from recurrent small 
emboli. Autopsy records of the number of missed emboli testify to the 
difficulty in establishing the diagnosis. A high index of suspicion is 
necessary to arrive at the diagnosis. 

The more common signs and symptoms -— dyspnea, tachypnea, tachy- 
cardia, and fever—are common to a variety of pulmonary diseases. With 
massive embolization, signs of right heart failure (a gallop, neck vein 
distention, and hepatojugular reflux) may occur. Increased pulmonary 
arterial pressure may be reflected in an increased and widely split second 
sound over the pulmonic area. Pulmonary infarction may produce a 
pleural friction rub; however, this does not usually appear until a day or 
two after the embolization. Even during massive embolization, the 
physical findings may indicate only that the patient is seriously ill. The 
source of the emboli may not be apparent, because demonstrable throm- 
bosis or thrombophlebitis is usually found in only 20 to 50 per cent of 
patients with pulmonary embolism. 


Chest Roentgenogram 


The standard chest x-ray film may be suggestive, but not diagnostic, 
of pulmonary embolism. Frequently it is normal. Westermark has called 
attention to the presence of a hyperlucent area of decreased vascularity 
which is frequently seen on the chest x-ray film of patients with pul- 
monary embolism.*° Other x-ray findings include a dilatation of the right 
ventricle and main pulmonary arteries when there is pulmonary hyper- 
tension from massive embolization or from multiple recurrent small 
embolizations. If pulmonary infarction occurs, a density may be seen. 
Pleural effusions may accompany the infarction. Although the chest 
x-ray cannot establish the presence of a pulmonary embolus, it supplies 
useful information and is necessary in interpreting the pulmonary scan 
and angiograms. 


Electrocardiogram 


The electrocardiogram may be suggestive, but cannot firmly estab- 
lish the diagnosis, of pulmonary embolism. Frequently, changes of right 
ventricular hypertrophy with dominant R waves in the precordial 
leads, right axis deviation, and enlargement of the T wave are seen. 
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Goodwin’ indicates that T wave inversion in leads V1 to V3 is a very 
important electrocardiographic sign of pulmonary embolism. Serial 
electrocardiograms are of great value in the early stages of pulmonary 
hypertension. During massive embolization, the most dramatic electro- 
cardiographic changes include rhythm disturbances and those changes 
associated with right ventricular dilatation and myocardial ischemia 
and injury. 


Laboratory Findings 


In 1960, Wacker and Snodgrass suggested that increased values of 
lactic dehydrogenase (LDH) and bilirubin in the presence of normal 
serum glutamic oxalacetic transaminase (SGOT) values were useful in 
establishing the diagnosis of pulmonary embolism.” Subsequent studies 
by Sasahara”®® have indicated that the bilirubin values may not be useful, 
but have confirmed the usefulness of an elevated LDH in the presence of 
a normal SGOT. However, in patients with massive embolism and acute 
cardiovascular changes, time may be critical and a more rapid means of 
diagnosis necessary. Blood gases are valuable in assessing the degree of 
respiratory failure. The usual changes include a reduction in the arterial 
oxygen saturation, an increase in the arterial-alveolar Pco, gradient, and 
a reduction in the arterial Pco,. 


Pulmonary Radioisotope Scan 


Sabiston and Wagner have demonstrated the efficacy of isotope scans 
in establishing the diagnosis of pulmonary embolism.*! Radioisotope 
scans have been shown to be rapid, safe, and highly accurate in experi- 
enced hands. However, the scan suffers in specificity when there are 
concomitant lesions in the lungs such as atelectasis, pneumonia, tumor, 
or effusion, because all of these lesions will show areas of hypoperfusion. 
Because of its simplicity, the pulmonary scan remains the most widely 
used diagnostic procedure for evaluating pulmonary embolism. 


Pulmonary Arteriography 


Pulmonary arteriography, preferably performed by injecting con- 
trast material into the right ventricular outflow tract or the main pul- 
monary artery, will usually demonstrate the presence of partial or 
complete obstructions in the main pulmonary artery or the lobar or seg- 
mental pulmonary arteries. Pulmonary arteriography also permits one 
to collect hemodynamic data such as pulmonary artery pressure and 
right ventricular pressure, which are helpful in assessing the patient’s 
condition. However, it carries a small, but significant, risk to the patient 
and is therefore used less frequently than the scan. 


MANAGEMENT 


The management of pulmonary embolism varies according to the 
patient’s clinical status and the amount of embolization. A healthy 
person may tolerate a massive embolus quite well, while a patient with 
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congestive heart failure or chronic pulmonary insufficiency may not 
tolerate a very small embolus. Many patients with repeated episodes of 
small embolization remain asymptomatic until they develop cor pul- 
monale. 

Special attention should be given to assisting the heart (digitalis, 
diuretics, etc., may be needed) and the respiration (nasal or mask oxygen 
is almost always used). Tracheal intubation and respiratory assist may be 
useful when profound hypoxia exists. Good nursing care and careful 
monitoring of the vital signs, blood gases. EKG, and clinical status of 
the patient are absolutely essential while caring for these patients. 

After the diagnosis of pulmonary embolism is firmly established by 
the radioisotope lung scan or the pulmonary arteriogram, the patient is 
committed to a long therapeutic program which is designed to treat the 
current embolus and to prevent future episodes of embolization. The 
treatment of the current episode is directed, first, to restoring normal 
cardiorespiratory physiology and, second, to restoring the pulmonary 
vascular anatomy to normal. Anticoagulants and fibrinolytic agents 
form the basis for the nonoperative management of pulmonary embo- 
lism, while removal of the embolus or interruption of the veins through 
which the embolus passed forms the basis for its surgical management. 


Prevention 


Although it is dificult to predict which patient will have a pulmonary 
embolus, there are certain patient populations which are more prone 
than others to have an embolus. Obesity, age over 40, pregnancy or 
pelvic tumor, congestive heart failure. trauma (especially a fracture of 
the pelvis or bones of the lower extremity), immobilization, prolonged 
bed rest, and other conditions which promote venostasis, altered venous 
endothelium, and the introduction of procoagulants into the circulation 
frequently produce venous thrombosis and are usually associated with 
pulmonary embolism. Unfortunately, however, many patients do not 
have signs of venous thrombosis prior to the time of embolization.** == ™ 
Frequently, the embolus arises in the “normal” leg. and its site of origin 
may be difficult to demonstrate even at autopsy, as indicated by the 
report from the Charity Hospital in which the site of origin of 39 per cent 
of pulmonary emboli could not be found.= 

Most preventive measures are designed to reduce venostasis and to 
render blood less coagulable. Since most pulmecnary emboli arise in the 
veins of the lower extremities or pelvis, stasis can be reduced by ele- 
vating these regions. McLachlin and associates® have indicated that a 15 
degree elevation of the lower extremities will effectively eliminate stasis. 
Certainly the foot of the hospital bed or the operating table can be raised 
by this amount without jeopardizing the welfare of most patients. Elastic 
wraps or fitted elastic stockings markedly improve venous flow in the 
legs. Early leg exercises and early ambulation also reduce the frequency 
of lower extremity venous thrombosis. 

Prophylactic anticoagulant therapy appears indicated in those pa- 
tient populations mentioned above, or those who give a history of prior 
thrombosis. Storm and associates found that by initiating anticoagulant 
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prophylaxis 6 or 8 days before an operation and continuing the medica- 
tion for 10 to 14 days after the operation, the incidence of thrombo- 
embolic complications could be lowered from 15 per cent to 1 per cent. 
They did not find an increased amount of bleeding in the anticoagulated 
patients.® In a control trial of anticoagulant prophylaxis against throm- 
bosis in patients with fractured hips, Sevitt® found that phenindione 
reduced the incidence of thrombosis and the incidence and severity of 
pulmonary embolism in the treated group by approximately 70 per cent. 
He suggested that therapy should be given in the first 3 days of injury 
and be continued until the patient became active. Salzman and asso- 
ciates” have also shown that warfarin reduces the incidence of thrombo- 
sis and pulmonary embolism when used prophylactically in elderly pa- 
tients with fractures of the hip. Although they noted that pulmonary 
embolism occurred in 8 of 101 patients not receiving anticoagulants, 
pulmonary embolus did not occur in any patients while on anticoagu- 
lant(s). One patient did have a pulmonary embolus a month after war- 
farin had been discontinued. A wider use of the prothrombinopenic 
agents seems indicated in all of the ‘‘high risk” patient categories. 

Sharnoff,*' De Takats,'® and others have indicated that prophylactic 
anticoagulation with heparin is beneficial in preventing venous throm- 
bosis and pulmonary embolism. However, heparin has not enjoyed as 
wide a popularity for preventing pulmonary embolism as the prothrom- 
binopenic agents have. The role of dextran in prevention of thrombosis” 
and pulmonary embolism is being evaluated, but insufficient data are 
available to allow definite conclusions. Fibrinolytic agents have been 
used to treat venous thromboses and pulmonary embolism, but have 
not been used primarily to prevent pulmonary embolism. 

In 1934, Homans” suggested venous ligation proximal to the throm- 
bus as a means of preventing pulmonary embolism. Surgeons began 
ligating the superficial femoral veins, but a significant number of their 
patients had recurrent pulmonary embolism.'? Subsequently, it has been 
demonstrated that inferior vena cava interruption is an effective proce- 
dure for preventing pulmonary embolism. 

The vena cava may be interrupted in a variety of ways. Ideally, 
complete interruption of the inferior vena cava and its major collateral 
vessels, the ovarian (or spermatic) veins, should offer complete freedom 
from recurrent pulmonary embolism, provided the ligature is placed 
above the thrombus. Practically, the inferior vena cava is ligated imme- 
diately distal to the renal veins and the ovarian veins are exposed and 
ligated at the entrance into the inferior vena cava and the left renal vein. 
The points of ligation should be chosen to insure good venous circulation 
on the proximal side of the ligatures so that stasis and thrombus forma- 
tion proximal to the ligature will not occur. 

Although there are few recurrences of pulmonary embolism after 
inferior vena cava ligation, between 10 and 50 per cent” of patients 
undergoing ligation of the inferior vena cava experience serious veno- 
stasis sequelae in their lower extremities. Because of these sequelae, 
methods which attempt to stop embolization through the inferior vena 
cava without blocking blood flow have been devised. The procedures for 
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partial interruption include plication of the inferior vena cava,” creation 
of a suture filter,” or the application of a smooth” or serrated” plastic 
clip to the inferior vena cava. In general, there are less sequelae after 
partial interruption than after ligation. However, there seems to be a 
higher incidence of recurrent pulmonary embolism after partial inter- 
ruption than after ligation. Partial interruption of the inferior vena cava 
is contraindicated in the treatment of septic pulmonary embolism and 
in the treatment of recurrent small pulmonary emboli. 

The morbidity associated with inferior vena cava interruptive pro- 
cedures makes it mandatory that pulmonary embolism be documented 
prior to performing these procedures. Furthermore, most patients should 
be given a trial of anticoagulation therapy before undergoing surgery. 
Only those patients who cannot be anticoagulated, who have recurrent 
pulmonary embolism while satisfactorily anticoagulated, who have 
undergone a pulmonary embolectomy, or who have septic emboli, should 
undergo inferior vena cava interruption. The cava must be ligated in 
patients with septic emboli. Because pulmonary emboli have been shown 
to arise from the right side of the heart and from the veins of the upper 
extremity and neck, as well as from the upper portion of the inferior 
vena cava, the surgeon must critically evaluate all the potential sources 
for emboli before interrupting the inferior vena cava. 


Medical Management 


The discovery of heparin by McLean in 1916* laid the foundation 
for the medical management of pulmonary embolism. Early studies 
demonstrated that heparin would markedly reduce the incidence of 
venous thrombosis in experimental animals.*! Subsequent studies 
showed heparin to be very effective in preventing thrombosis.** In 1946, 
Jorpse stated that heparin was the best agent to “prevent the extension 
and growth of thrombus.’* In 1954, Bauer reported a reduction, in 627 
patients, of the mortality of venous thromboembolism from 18 per cent 
to 0.8 per cent by the use of heparin.* Subsequently, numerous investi- 
gators have demonstrated dramatic beneficial effects of heparin upon 
thromboembolism. 

In 1960, Barritt and Jordan? reported on the use of heparin in 73 
patients with pulmonary embolism. The patients were selected at ran- 
dom into a control group and a group treated with heparin. The beneficial 
effects of heparin were so striking in the first 35 patients (one death in 
the 16 heparin-treated patients versus five deaths and five additional 
pulmonary emboli in the 19 control patients) that the next 38 patients 
were treated only with heparin. In 1964, Bauer reported no deaths from 
pulmonary embolism in 59 patients with pulmonary emboli who were 
treated with intravenous heparin. He administered 105,000 USP units 
during the first 24 hours and then gradually reduced the dosage. Other 
investigators have also demonstrated a decrease in the number of deaths 
from pulmonary embolism when heparin is used to treat venous throm- 
boses.'**! Many other studies have confirmed the role of heparin in re- 
ducing the mortality and morbidity of pulmonary embolism and in 
preventing recurrent pulmonary emboli. 
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Besides preventing the development and propagation of a thrombus 
proximal and distal to the embolus in the pulmonary artery, heparin 
prevents the formation of additional thrombus in the veins from which 
the embolus arose. Recently, it has been found that large doses of heparin 
are useful during the first 24 hours after pulmonary embolism to block 
the action of the bioactive amines released from the platelets on the sur- 
face of the thromboembolus.* '*:*° These amines appear to be at least 
partially responsible for the bronchospasm* and the arteriolar constric- 
tion*7* seen in pulmonary embolism. The large doses of heparin also 
supplement® the natural fibrinolytic activity found in the pulmonary 
artery and help lyse the thromboembolus. 

If there are no contraindications to anticoagulation therapy, the 
authors usually give 35,000 to 40,000 USP units of heparin as an initial 
rapid intravenous injection to the average 75 to 85 kg. man with a pul- 
monary embolus. An additional 35,000 to 40,000 units of heparin are 
given as a constant intravenous drip over the first 24 hours, so that the 
total heparin received by the patient during this time is 70,000 to 80,000 
units. After the first 24 hours, the heparin drip is regulated to keep the 
clotting time at 30 minutes. The patient is maintained on heparin for 8 
to 10 days, after which it is tapered and stopped. The patient is begun 
on Coumadin™* on the sixth or seventh day. The heparin is not stopped 
until the prothrombin time is 15 to 20 per cent of the control (29 to 23 
seconds with a control of 13 seconds). The patient usually remains on 
Coumadin for 6 months, at which time, if he is free of symptoms, it is 
gradually tapered and stopped. The patient is asked to wear elastic 
stockings and avoid positions which produce stasis for the rest of his 
life. 

Clotting times are not measured during the first 24 hours, while the 
large doses of heparin are being given. After the first day, clotting times 
are useful in regulating the amount of heparin required by the patient. 
It must be remembered, however, that heparin requirements become 
less and the heparin should be reduced appropriately after the first 2 or 
3 days. Marked relief of the bronchospasm and a dramatic improvement 
in hemodynamics are usually noted very soon after the initial large dose 
of heparin is received by the patient. Most patients respond quite well 
to this regimen of therapy. The authors have found that even those 
patients previously considered a candidate for pulmonary embolectomy 
usually do quite well and almost always do not require an embolectomy 
(Fig. 2). 


Fibrinolysins 


The principal function of the fibrinolytic system is to aid in the 
removal of the end product of coagulation, fibrin. Plasmin is a proteo- 
lytic enzyme which enzymatically breaks fibrin into polypeptides, al- 
though fibrinogen or other plasma proteins may also serve as substrates. 
Plasmin exists in the circulation as plasminogen —an inactive precursor. 
Plasminogen has a strong affinity for fibrinogen, and significant quanti- 
ties of plasminogen are incorporated into each thrombus. Activators are 
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Figure 2. A, Pulmonary angiogram showing massive pulmonary embolization with 
large filling defects in the right main pulmonary artery, the left main pulmonary artery, and 
the artery to the left lower lobe. B, Pulmonary angiogram 2 days later, after the patient was 
treated with heparin, showing improvement of flow to the right and left lungs. The arrows 
indicate some persistence of the embolus. Despite the rather significant occlusion of his 
pulmonary arterial tree, this patient did very well when treated with large amounts of heparin. 


various enzymes which convert plasminogen to plasmin. Fibrinolysis 
may be induced by infusion of plasmin or by activating the plasminogen 
in the circulation or in the thrombus. 

Although proteolytic agents had been evaluated as thrombolytic 
agents, Johnson and Tillett,®” in 1952, were the first to utilize the fibrino- 
lytic mechanism to induce thrombolysis. They used streptokinase, an 
activator of plasminogen, to lyse clots produced in the ear veins of rab- 
bits. Tillett and associates, in 1955, were the first to inject streptokinase 
in man to induce fibrinolysis.” Cliffton and associates, in 1956-57, used 
streptokinase-activated plasminogen to induce fibrinolytic activity to 
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treat humans with thromboembolic disorders.’ The early successes led 
to numerous investigations of induced fibrinolysis. In the late 1950’s 
and early 1960’s, streptokinase was the agent used most often to induce 
fibrinolysis.** °° Later, plasmin preparations, which were produced by 
combining plasminogen and streptokinase, were used to induce fibrino- 
lysis.''° Most recently, urokinase has shown great promise as a throm- 
bolytic agent. 

Although there are numerous studies which attest to the thrombo- 
lytic effect of streptokinase and streptokinase-activated plasmino- 
gen,” * 1*-%> there are relatively few studies of the effect of streptokinase 
on pulmonary embolism. Those studies which are available indicate that 
streptokinase is beneficial. In 1964, Browse and James reported clinical 
improvement of four patients with pulmonary embolism who were 
treated with streptokinase.® Hirsh and associates reported, in 1968, 18 
patients with “major pulmonary embolism” who were treated with 
streptokinase. “Fourteen showed clinical improvement and 12 out of 16 
patients investigated showed definite angiographic improvement after 
24-48 hours of treatment with streptokinase.’ Most recently, Miller 
and associates treated nine patients with arteriographically proved 
pulmonary embolism with streptokinase. They obtained ‘“‘satisfactory”’ 
hemodynamic and arteriographic resolution in four patients with acute 
massive pulmonary embolism and in two patients with minor recent 
pulmonary embolism.” 

The early preparations of streptokinase frequently produced pyro- 
genic or anaphylactoid reactions because of the impurities in the prepara- 
tion or because of sensitivity reactions in patients previously sensitized 
to the streptococcus. Because of the undesirable reactions, the use of 
streptokinase has been limited. Recently more purified preparations have 
become available and are undergoing widespread clinical trials in 
Europe. The early data indicate that there are fewer pyrogenic reactions, 
although the sensitivity reactions are still a problem. 


Urokinase 


The fibrinolytic activity of the urine was noted by Macfarlane and 
Pilling in 1947.1 In 1952, Sobel and associates were able to extract 
and concentrate the fibrinolytic substance in urine and called it uro- 
kinase.®** Subsequently, it was found that the fibrinolytic activity of urine 
was due, in part, to the effect of urokinase (an activator of plasminogen), 
and a variety of methods for preparing urokinase were devised.”® Early 
studies suggested that human urokinase could induce thrombolysis and 
was relatively nontoxic and nonantigenic to man. 

In 1963, the National Heart Institute established a Committee of 
Thrombolytic Agents to evaluate and facilitate progress in the field of 
induced fibrinolysis. By 1964, the committee had selected urokinase as 
the most promising fibrinolytic agent available. The committee recom- 
mended that supplies of standardized and purified urokinase be made 
available for research and clinical evaluation. The committee insisted 
that the urokinase be free of thromboplastic activity, be free of viral 
contamination, be nontoxic, nonpyrogenic, and have a high specific 
activity. These challenges were met (by Abbott Laboratories and the 
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Sterling Winthrop Research Institute) and limited amounts of urokinase 
became available for research and clinical investigation. 

Preliminary studies undertaken with urokinase prepared according 
to the above recommendations indicated that urokinase did induce in 
vivo thrombolysis and increased plasma fibrinolytic activity.** “ In one 
of the earliest reports on the use of urokinase for the treatment of pul- 
monary embolism in 10 patients, Sautter and associates indicated that 
urokinase accelerated the lysis of the emboli and produced a successful 
outcome in three patients who were considered suitable candidates for 
pulmonary embolectomy. Eight of the 10 patients showed fair to excel- 
lent responses in their pulmonary angiograms.** In 1967, Tow and asso- 
ciates reported on the treatment of 13 patients with acute pulmonary 
embolism with urokinase. They noted dramatic responses in 7 of the 13 
within 24 hours of therapy.” Also in 1967, Sasahara and associates 
reported the use of urokinase in eight patients with pulmonary embolism. 
They found “over-all improvement” in seven patients and felt that the 
lysis produced by urokinase was more dramatic than they had seen with 
heparin.” 

By the fall of 1966, approximately 41 patients with pulmonary em- 
bolism had been treated with urokinase. The data obtained from these 
first cases indicated that urokinase was tolerated quite well by critically 
ill patients and that it was capable of lysing thromboemboli in the pul- 
monary circulation. Consequently, it was decided to evaluate the effec- 
tiveness of urokinase on pulmonary embolism in a national cooperative 
study which was organized by the National Heart Institute. Planning 
for the study began in 1966 and the study began in the fall of 1968. By 
September 1969, 91 patients with pulmonary embolism, which had been 
diagnosed by pulmonary angiograms and radioisotope lung scans, had 
been treated according to the rigid protocol with heparin or urokinase. 
Although the various investigators have agreed not to publish their 
results until the trial is completed and a statistical analysis is available, 
it appears that urokinase is a relatively nontoxic, effective thrombolytic 
agent which has a beneficial effect in patients with pulmonary embo- 
lism. 


Surgical Management 


The use of surgery to prevent recurrent pulmonary embolism can 
be life-saving in those patients who are developing pulmonary hyper- 
tension and cor pulmonale, in those patients with septic emboli, and in 
those patients with a submassive embolus in whom another embolus 
may further compromise the pulmonary circulation. Another role for 
surgery is the removal of an embolus when it causes a critical obstruc- 
tion to the pulmonary circulation. 

Trendelenburg attempted the first pulmonary embolectomies in 
1908.” Although his three attempts were unsuccessful, he demon- 
strated the feasibility of the operation. The first successful pulmonary 
embolectomy was performed in 1924 by Kirschner, a student of Tren- 
delenburg.*” Although others have used the Trendelenburg operation, 
the successes have been very few and the Trendelenburg operation, 
which entails entering the mediastinum along the left side of the ster- 
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num, opening the pulmonary artery and extracting the emboli without 
extracorporeal circulation, is rarely used at the present time. 

In 1961, Sharp successfully performed a pulmonary embolectomy 
with the use of cardiopulmonary bypass.” Shortly thereafter, Cooley 
and associates performed another successful pulmonary embolectomy 
with the use of extracorporeal circulation.'! This procedure soon became 
the method of choice for those patients who required embolectomy for 
massive pulmonary embolism, and numerous surgeons began reporting 
successful cases of embolectomy with cardiopulmonary bypass. This 
technique supports the circulation and permits a deliberate removal of 
the embolus. As experience was obtained, surgical intervention came to 
be reserved for those patients with massive embolization (i.e., greater 
than 50 per cent occlusion of the pulmonary arterial tree) and refractory 
shock. 

However, it has become apparent that pulmonary embolectomy, 
with support of the circulation, carries a significant operative mortality 
and morbidity. A recent review of 137 embolectomies performed at 28 
centers indicated that the operative mortality for patients undergoing 
pulmonary embolectomy was 57 per cent.'® The review also indicated 
that an accurate diagnosis, i.e., positive scan or angiogram, must be ob- 
tained prior to performing an embolectomy, because all nine of the 
patients who underwent embolectomy, but in whom no emboli were 
found, succumbed. 

A review of the experience with pulmonary embolectomy at the 
Duke University Medical Center over the past 6 years revealed that 10 
patients have undergone embolectomy with cardiopulmonary bypass, 
with five survivors. One patient has had a successful Trendelenburg 
procedure and another has undergone an embolectomy, with bypass 
support, for a chronic embolus which was causing pulmonary hyper- 
tension.*® Two of the five deaths occurred early in our experience, when 
an absolute diagnosis was not required before performing a pulmonary 
embolectomy. One of these patients had myocarditis and the other one 
had a myocardial infarction. Neither of the patients survived the opera- 
tive procedure. 

If a major portion of the embolus is in one pulmonary artery and 
extracorporeal support is not available or not advisable, a unilateral 
thoracotomy may be performed on the appropriate side and an embol- 
ectomy performed through the temporarily occluded pulmonary artery. 
Pulmonary function and circulation are maintained in the opposite, less 
involved, lung. Several authors®”> have reported successful embolec- 
tomies using this procedure. 

The high mortality associated with pulmonary embolectomy, recent 
additions to our knowledge of the pathophysiology of pulmonary embol- 
ism, and better nonoperative means of therapy have caused a reassessing 
of the indications for pulmonary embolectomy. Currently, all patients 
with pulmonary embolism, regardless of the amount of embolus or their 
clinical state, are treated with appropriate supportive measures and large 
amounts of heparin or urokinase (according to the protocol of the national 
cooperative study). Three of the last five patients so treated could easily 
have been candidates for pulmonary embolectomy. Each had a massive 
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embolus and shock. All three survived their pulmonary embolism and 
showed rapid resolution of the embolus by angiograms and scans. All 
three patients were discharged from the hospital by the fourteenth day 
and have remained free of recurrent pulmonary embolism. It appears 
that as refinements in the utilization of heparin and fibrinolytic agents 
increase, the indication for pulmonary embolectomy will diminish. 


SUMMARY 


Pulmonary embolism is a serious disorder which affects the aged, 
the infirm, the seriously ill, the postoperative patient, and the trauma 
victim. Most reports indicate that the frequency of pulmonary embolism 
is increasing, perhaps because of a greater awareness and search for the 
disorder, or perhaps because of an aging population, increasing trauma, 
etc. The symptom complex of pulmonary embolism is produced by 
mechanical blockage of the pulmonary circulation by the embolus or by 
neural or humoral induced vasoconstriction and bronchoconstriction. 
Recent studies have emphasized the importance of the humoral mechan- 
ism. 

The diagnosis of pulmonary embolism can be firmly established only 
by radioisotope lung scanning or by pulmonary arteriography. The other 
commonly used means of diagnosis, i.e., physical examination, electro- 
cardiogram, serum enzymes, chest x-ray, etc., offer indirect evidence. 

The incidence of pulmonary embolism can be reduced by preventing 
stasis and using prophylactic anticoagulants in susceptible patient popu- 
lations. Recurrent pulmonary embolism can be prevented by the judi- 
cious use of anticoagulants, prevention of stasis, and, if necessary, 
venous interruption. Heparin is clearly the anticoagulant of choice for 
the management of acute pulmonary embolism. Large amounts of 
heparin are useful in the first 24 hours to prevent extension of the throm- 
boembolism, to accelerate lysis of the thromboembolism, and to counter- 
act the active amines released by the platelet-thrombin interface. 

Fibrinolytic agents have been found to be useful in the management 
of pulmonary embolism. Urokinase, a fibrinolytic activator prepared 
from urine, is undergoing extensive clinical evaluations as a therapeutic 
agent in pulmonary embolism. Early data suggest that it may be quite 
useful. 

The surgical management of acute pulmonary embolism includes 
pulmonary embolectomy with mechanical support of the circulation 
when there is occlusion of more than half of the pulmonary arterial 
circulation and sustained hypotension. If support of the circulation is 
not available or not advisable, a unilateral thoracotomy and embolectomy 
may be performed through a unilateral thoracotomy. Various forms of 
venous interruption are used during acute embolization and after 
embolectomy to prevent recurrent embolization. 
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Persistent Perplexing Pyrexia: 
Some Comments on Etiology 
and Diagnosis 


ABDOLGHADER MOLAVI, M.D.* 
LOUIS WEINSTEIN, M.D.** 


One of the most challenging and frustrating problems in 
clinical medicine is prolonged fever, the origin of which is not clear. 
This syndrome has received considerable attention in the past. A large 
number of papers have been devoted to collections of such cases and 
cataloguing of the various factors involved. It is difficult to compare 
many of these experiences because of variation in the panorama of dis- 
eases in different areas of the world at different times and the varying 
criteria employed for the selection of cases. In two recently reported 
series,****! rigid criteria have been used for the selection of patients in 
order to eliminate readily diagnosable or short-lived causes of fever. 
Petersdorf and Beeson* selected cases on the basis of temperature 
elevation to greater than 101° F. on several occasions, lasting for 3 weeks 
or longer and remaining undiagnosed after 1 week of investigation in the 
hospital. Sheon and Van Ommen?! defined fever of unknown origin 
(FUO) as temperature greater than 100.5° F. persisting for at least 3 
weeks in patients in whom history, physical examination, blood count, 
urinalysis, and chest roentgenogram did not indicate the diagnosis. 
The patients discussed in the present paper were selected on the basis 
of such criteria. 

The problem of prolonged fever of unexplained origin involves con- 
sideration of four broad categories of disease: infections, neoplasms, 
connective tissue disease, and miscellaneous causes. Infections are a 
frequent cause of this syndrome, accounting for about 30 to 40 per cent 
of cases. A relatively constant proportion (about 20 per cent) are asso- 
ciated with neoplastic lesions, either primary or metastatic. Collagen- 
vascular disease is responsible for about 15 per cent and miscellaneous 
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disorders for 10 to 15 per cent of all cases. The etiologic diagnosis cannot 
be established in some instances. 

Most patients with fever of obscure origin do not have rare diseases. 
Instead they usually suffer from common disorders which present 
atypically, elevated temperature being the only major indication of a 
departure from health. One of the purposes of this paper is to discuss a 
number of situations and present some cases that illustrate and em- 
phasize this point. The other is to underscore the value of some of the 
more recently developed diagnostic procedures — angiography, scanning, 
lymphangiography, etc.—in establishing the cause of this syndrome and 
in eliminating, in many instances, the necessity of the ultimate maneu- 
ver, exploratory laparotomy. 


TUBERCULOSIS 


Tuberculosis continues to be the commonest infectious cause of 
prolonged unexplained fever. Nearly one third of all the patients reported 
by Petersdorf and Beeson* had this disease. The sites in which this kind 
of infection is most likely to be present with no manifestations other 
than fever are the liver, pericardium, peritoneum, abdominal and hilar 
lymph nodes, and female genital tract. This is also true of the dissemi- 
nated form of the disease. The tuberculin reaction may be negative in 
these and other situations; it must be emphasized that this should not 
rule out consideration of this possibility. 


Miliary Tuberculosis without Radiologic Evidence 
of Pulmonary Involvement 


The fact that the lungs may be entirely normal in appearance when 
examined radiologically in patients with active disseminated tuberculo- 
sis is well established.® *4: 4! In the absence of this diagnostic clue, the 
physician must rely on other approaches in attempts to establish the 
presence of this disease. The importance of a careful funduscopic exam- 
ination in this situation cannot be overemphasized. Three patients with 
fever of obscure origin in whom the presence of choroid tubercles pro- 
vided the first suggestion of the presence of miliary tuberculosis have 
been reported by Olazabal.*? The early lesion is round, pale yellow, and 
flat and has ill-defined fluffy borders; it usually occupies one fourth to 
three fourths of the area of the disk.'’ As it enlarges, its margins gradual- 
ly become more definite and the center turns pale. When fully developed, 
the tubercle and the area surrounding it appear as a “parchment-white’”’ 
scar surrounded by a heavy band of dark pigment; the adjacent choroid 
is pale. The other disorders in which retinal lesions may be confused 
with those that appear in tuberculosis are histoplasmosis and sarcoidosis. 

The liver and bone marrow are frequently involved in disseminated 
tuberculosis; hepatic lesions are present earlier than osseous ones. 
Biopsy of these tissues is, therefore, very often helpful in establishing 
the diagnosis of this disease; aspiration of bone marrow is of little or no 
value. In addition to histologic examination, the tissues must be cul- 
tured. 
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Primary Hepatic Tuberculosis (Primary Miliary 
Tuberculosis of the Liver) 


In some instances, hematogenous dissemination of tubercle bacilli 
leads to maximal deposition of the organisms in the liver, other organs 
being only minimally invaded. Twelve patients with this kind of tubercu- 
losis who presented with fever, anorexia, malaise, and occasional abdom- 
inal discomfort have been reported by Terry.*? Other abnormalities in- 
cluded hepatomegaly, slight anemia, and leukopenia. Two of nine cases 
had elevation of serum alkaline phosphatase (> 5.0 Bodansky units). 
Percutaneous liver biopsy will establish the diagnosis of this syndrome. 


Pulmonary Tuberculosis with Normal 
Radiograph of Lungs 


An occasional patient with pulmonary tuberculosis presents a diag- 
nostic problem because, although fever is present, roentgenogram of the 
lungs reveals no lesions. Because tuberculosis is the commonest infec- 
tion producing unexplained elevations of temperature, examination of 
gastric aspirates is indicated. The following case emphasizes this point. 


CASE 1. A 51 year old Chinese woman was admitted to the hospital because of 
daily fever up to 102° F., weakness, and malaise of 8 days’ duration. Except for an 
occasional nonproductive cough, she had no other symptoms. Physical examina- 
tion was entirely unremarkable. A complete blood count, urinalysis, and chest x- 
ray were normal. The erythrocyte sedimentation rate was 100 mm. per hr. Serum 
globulins were elevated to 4.3 gm. per 100 ml. and protein electrophoresis re- 
vealed slight increase in a, and a, globulins. Numerous other blood tests and 
radiographic and bacteriologic studies were carried out but were of no help in 
elucidating the diagnosis. While in the hospital, the patient’s temperature reached 
103 to 104° F. every day. At the end of the second hospital week, the stained smears 
of two gastric aspirates revealed acid-fast bacilli. Therapy with isoniazid, etham- 
butol, and streptomycin was initiated at this point and led to rapid defervescence. 
Several weeks later, human type M. tuberculosis was isolated from the gastric 
aspirates. 


It is important to emphasize the fact that gastric aspiration must 
be carried out early in the morning, as soon as the patient is awake. 
Demonstration of acid-fast bacilli in stained smears does not necessarily 
indicate the presence of Mycobacterium tuberculosis. Atypical myco- 
bacteria (nonpathogenic scotochromogen and nonchromogen species) 
may be present in the stomachs of normal individuals. Such organisms 
were detected by Saslaw and Perkins** in smears of 4 (0.74 per cent) 
of 538 gastric aspirates of 214 nontuberculous patients. In contrast, 133 
(28 per cent) of 475 gastric aspirates obtained from 144 patients with 
tuberculosis revealed acid-fast bacilli on stained smears; only one (0.2 
per cent) proved to be a saprophyte when cultured. These data suggest 
that demonstration of acid-fast bacilli in stained preparations of gastric 
contents is presumptive evidence of tuberculosis. Nevertheless, cultures 
must always be made for exact identification of the organisms. 


Tuberculous Pericarditis 


The early phase of tuberculous infection of the pericardium is usual- 
ly characterized by such nonspecific manifestations as weakness, weight 
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loss, anorexia, and persistent low-grade fever. Precordial pain may be 
absent; friction rub is usually transient. As effusion develops, the clinical 
picture may simulate that of congestive heart failure or chronic constric- 
tive pericarditis. The absence of clinical or radiologic evidence of pul- 
monary tuberculosis does not exclude tuberculous involvement of the 
pericardium, the source of which is often infection in the mediastinal 
nodes. The diagnosis is made by demonstration of thickened pericardium 
or fluid by a CO, study, pericardial biopsy, and culture of the effusion. 


ENDOCARDITIS 


Endocarditis is a relatively common cause of fever, the origin of 
which is obscure. Classically, this infection is featured by heart murmur, 
splenomegaly, splinter hemorrhages, Osler’s nodes, petechiae, and ele- 
vation of temperature. Such cases present little or no diagnostic diffi- 
culty. It is those in which no manifestations except fever are present 
that pose a problem in etiologic definition. In some instances, failure to 
demonstrate the presence of bacteremia, when other signs and symp- 
toms of endocarditis are present, confuses the issue. Since treatment of 
this disease produces very satisfactory results, it is important that it be 
given early consideration in the differential diagnosis of fever of obscure 
nature. 


Endocarditis in the Absence of 
Cardiac Murmurs 


The absence of a detectable cardiac murmur does not exclude the 
possibility of bacterial endocarditis. This sign is often not present when 
infection involves the right side of the heart or when it involves the 
mural endocardium overlying a myocardial infarction.** Of 76 patients 
with endocarditis studied by Tompsett,*? 16 had no murmurs at the time 
they were first examined. Fifteen of 100 individuals with this disease 
were reported by Lerner and Weinstein” to be free of murmurs when first 
seen. Apical and basal systolic murmurs, probably arteriosclerotic in 
origin, are common in the older age group. As arule, they need be of littie 
concern. However, since they may not change in character when they are 
infected, the development of fever, the cause of which is not clear, in 
patients with this finding makes it necessary to consider the possibility 
of infective endocarditis. Detection of bacteremia in cases in which 
fever is present but in which there is no obvious focus of infection 
makes consideration of valvular infection necessary. 


Endocarditis with Negative Blood Cultures 


Bacteremia may not be demonstrable in 7 to 28 per cent of instances 
of infective endocarditis.” Fourteen of 100 patients studied by Lerner 
and Weinstein*™ had negative blood cultures. Among the factors respon- 
sible for this in the face of endocarditis are (a) the use of antibiotics in 
etiologically undefined febrile illness, (b) right-sided cardiac lesions, (c) 
prolonged duration of the disease, (d) presence of renal involvement, 
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(e) infection by unusual organisms such as Coxiella burnetii, and (f) 
inadequate culture methods. If the clinical picture is suggestive of 
endocarditis, it is best to initiate therapy before microbiological data are 
available, but only after an adequate number of blood cultures (6 to 10) 
have been made. 

The patient described below is an example of this problem. The 
diagnosis was made on clinical grounds alone. Treatment on this basis 
proved successful. 


CASE 2. A 46 year old man was admitted to the hospital with a history of fever 
and episodes of transient visual disturbance for 1 month. Two days prior to ad- 
mission, he developed left homonymous hemianopsia. Physical examination re- 
vealed this defect as well as a grade I/VI systolic ejection murmur at the apex. 
The hematocrit was 34 per cent. The white blood cell and differential counts were 
within normal limits. The erythrocyte sedimentation rate was 90 mm. per hr. 
Numerous blood cultures failed to yield any organisms. Generalized multifocal 
arrhythmic slow activity, most prominent in the right occipital area, was detected 
in the electroencephalogram. The patient’s temperature rose to 101 to 103° F. 
daily before treatment was undertaken. Because of persistent fever, heart murmur 
(though very faint), and evidence suggesting a lesion in the right occipital lobe, a 
clinical diagnosis of subacute bacterial endocarditis was made and therapy with 
penicillin initiated despite 13 negative blood cultures. The temperature returned 
to normal within 48 hours and fever did not recur during a month of treatment or 
in the following 2 months. The faint murmur detected at the time of admission to 
the hospital gradually increased in intensity, so that 2 months after discharge 
it was grade III/VI, rough in quality, and radiated toward the axilla. The left 
homonymous hemianopsia cleared slowly. 


Atrial myxoma may be confused with infective endocarditis because 
it may present with fever, cardiac murmur and peripheral embolic phe- 
nomena. Angiocardiography is of help in distinguishing these disorders. 


Endocarditis with Negative Blood Cultures and 
No Cardiac Murmur 


Though rare, murmurs may be absent and blood cultures negative 
when endocarditis involves the right side of the heart. Persistent un- 
explained fever and recurrent pulmonary embolism are the clues that 
suggest this possibility. Of considerable interest are instances of infec- 
tive aortitis with mycotic aneurysm formation. Cardiac murmurs are 
not present in this situation until the aneurysm enlarges sufficiently to 
cause deformity of the orifice of the aortic valve. Blood cultures may be 
negative for months. 


Endocarditis Due to Microaerophilic and 
Anaerobic Organisms 


Anaerobic organisms are involved ina significant number of cases of 
endocarditis. Of 100 patients studied by Lerner and Weinstein,” 13 were 
infected with microaerophilic streptococci and 3 with anaerobic strep- 
tococci. In many of these cases, the diagnosis of valvular infection was 
not initially made because blood cultures, incubated aerobically, were 
negative. This emphasizes the importance of the use of proper methods 
of anaerobic culture. The following case illustrates this point. 
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Case 3. A 53 year old man with rheumatic heart disease who had had aortic 
valve replacement 212 years earlier was hospitalized for evaluation of the cause 
of daily fever of 3 months’ duration. He had been admitted to another hospital 
where thorough study failed to reveal the etiology of his fever. Multiple blood cul- 
tures were reported to have been negative. Physical examination revealed pete- 
chiae on the right lower palpebral conjunctiva and a subungual hemorrhage on the 
right fourth finger. There was a grade II diastolic decrescendo murmur at the left 
sternal border and a grade II/VI ejection systolic murmur at the apex. The spleen 
was palpable 2 cm. below the left costal margin; the liver was not enlarged. Lab- 
oratory studies revealed a hematocrit of 29 per cent and normal white blood cell 
and differential counts. The erythrocyte sedimentation rate was 110 mm. per hr. 
Except for minimal elevation of alkaline phosphatase, all other chemical and 
radiographic studies were normal. While all blood cultures incubated aerobically 
were sterile, nine which had been made in a medium designed to support the 
growth of anaerobes yielded anaerobic diphtheroids. Treatment with erythromycin 
produced rapid defervescence and complete recovery. 


INTRA-ABDOMINAL INFECTIONS 


Intra-abdominal infections (liver abscess, subphrenic abscess, renal 
carbuncle, etc.) may occasionally present with few or no localizing signs 
and with fever as the most prominent symptom. 


Liver Abscess 


Although the syndrome of fever, hepatomegaly, pain and tenderness 
over the liver, restriction of movement of the diaphragm, and jaundice 
is sufficiently characteristic to suggest the presence of liver abscess, 
these features may appear only late in the course of the disease. The 
symptoms and signs of this kind of infection, whether due to bacteria or 
amebae, are usually nonspecific in the early stages. It must be empha- 
sized that fever may be the only manifestation.** * 

Amebic abscesses occur mostly in men; they are frequently solitary, 
are commonest in the right lobe, and are often associated with pleurisy, 
right pleural effusion, or rales in the right lung base.® In contrast, pyo- 
genic abscesses have no sex predilection, are frequently multiple, and 
involve both hepatic lobes. They may be accompanied by pleural pain 
with or without effusion. The death rate in patients with pyogenic liver 
abscess has been very high. This has been due primarily to failure of 
recognition and delay in diagnosis. Cronin" has reported that 90 per cent 
of patients with single and 66 per cent of those with multiple lesions 
succumbed to their disease. The organisms involved have included 
Staphylococcus aureus, coliform bacteria, and a variety of other aerobic 
and anaerobic organisms. 

The recent development of arteriography and radioactive scanning 
(both anterior and lateral) of the liver has made possible the early recog- 
nition of abscesses in this organ. Moreover, these techniques make 
exact localization of the lesion feasible and enable the surgeon to select 
the most advantageous approach for safe and effective management.2° 

Liver scanning is an entirely safe procedure.” It is atraumatic and 
can be repeated without radiation hazard.” Its use makes it possible to 
detect lesions as small as 2 cm. in diameter.’ “7 It must be stressed, 
however, that demonstration of an area of abnormal uptake in the liver 
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does not establish the presence of abscess. Similar changes may be ob- 
served when metastatic or primary cancer, benign tumor or cyst, or an 
anomaly is present. Hepatic arteriography may be of help in distinguish- 
ing some of these. Photoscanning may permit percutaneous needle 
biopsy of an isolated lesion of the liver and result not only in estab- 
lishing the diagnosis of liver abscess but also lead to drainage, isolation 
of the responsible organisms, and effective therapy. 

The value of one of these diagnostic procedures is illustrated by an 
experience reported by Millett.*? His patient had had persistent fever for 
which no cause could be found. All studies, including liver biopsy, chem- 
ical determinations, radiographic examinations, and blood cultures, 
were unrevealing. Liver scan, however, demonstrated a single round 
lesion in the right hepatic lobe. This was subsequently proved to be a 
pyogenic abscess. 

The importance of rapid diagnosis and therapy of pyogenic liver 
abscess is illustrated by the experiences of Block et al.*? They noted a 
death rate of 70 per cent in 40 patients with this disease studied prior to 
1962; no fatalities occurred in eight who were seen in 1962 and 1963 
and in whom the lesion was demonstrated early. The contribution of 
such technique as hepatic scintiscanning to improvement in rate of 
cure of this kind of infection cannot be overemphasized. 


Subphrenic Abscess 


The development of fever following a disease or operation which 
permits intestinal microorganisms to enter the peritoneal cavity should 
raise the question of infection in the suprahepatic or subhepatic spaces. 
Among the organisms involved in this kind of disease are Staph. aureus, 
streptococci, E. coli, Bacteroides, and other gram-negative organisms. 
That there is often delay of recognition of the presence of such abscesses 
has been pointed out by Miller and Talman,”* who noted that the average 
length of time between the responsible surgical procedure and discovery 
of a subphrenic collection of pus was 34 days. 

The clinical picture of subphrenic abscess depends on the stage of 
the disease and location of the lesion. The earliest manifestations are 
fever, chills, and leukocytosis. There are few or no localizing signs and 
symptoms at this time. As the infection progresses, subcostal pain and 
tenderness, pleural effusion, shoulder pain, atelectasis of the lower lobe, 
and decrease or loss of movement of the overlying hemidiaphragm be- 
come apparent. Radiologic studies at this time may show reactive 
changes in the lungs, pleura, and diaphragm, an air fluid level in the ab- 
scess cavity, and displacement of intra-abdominal viscera.”* Combined 
radioisotope scanning of the lung and liver has an important place in 
the diagnosis of subphrenic abscess.* it must be emphasized that chemo- 
therapy alone is of little value in the management of this disease. The 
danger lies in the nonspecific use of antibiotics to treat the “fever of 
obscure origin” which may be the only feature of this infection at an 
early stage. The fact that the fatality rate of undrained abscesses is 
twice that of those which are treated surgically? emphasizes the need for 
rapid diagnosis. 
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Renal Carbuncle 


Invasion of the renal cortex by bacteria, most commonly Staph. 
aureus, during the course of a bacteremia may result in the development 
of an abscess (carbuncle). Very commonly persistent fever is the only 
manifestation of the disease. Urine is usually normal and intravenous 
pyelography reveals no lesion. It is only late in the course that localizing 
signs, such as radiographically demonstrable perinephric abscess, 
shelling out of the involved area in the kidney, or high-grade pyuria, 
become manifest and indicate the site of infection. 


NEOPLASMS 


Most patients with neoplastic diseases have fever at some time 
during the course of their disease. In many instances, the elevated tem- 
perature is due to infection, localized obstruction produced by the 
tumor, or postoperative complications.’ However, in an appreciable num- 
ber, it is directly related to the presence of the tumor. Browder et al.’ 
have reported that 19 (5.4 per cent) of 351 febrile episodes in 343 patients 
with a variety of neoplasms were directly related to these lesions; the 
incidence of fever was significantly higher in those with disseminated 
than in those with localized disease. Hypotheses suggested for the 
mechanism of elevation of temperature caused by tumors include (a) 
necrosis of rapidly growing lesions, (b) infiltration of tumor by leuko- 
cytes in response to tissue necrosis or other inflammatory stimulus, and 
(c) elaboration of a pyrogen by the neoplastic cells. There is no definite 
proof for any of these. It must be emphasized that there is no type of 
curve characteristic of the fever associated with neoplasms. The temper- 
ature may be sustained at high or low levels, “‘spiking,”’ intermittent or 
remittent, or associated with severe rigors. 

Although fever may be a striking feature of practically any kind of 
tumor, malignant or benign, it is most common with certain types of 
lesions. Among these are neoplasms of the kidney, liver, or lymphoid 
tissue. 


Renal Neoplasms 


Of all the solid tumors, hypernephroma is notorious for the high 
frequency of its association with fever. Elevation of temperature was 
noted by Weinstein et al.** to be the presenting complaint in 141 (11 per 
cent) of 1238 patients with this disease studied over a period of 20 years 
at the Mayo Clinic. Sixteen (12 per cent) of 136 individuals with renal 
carcinoma were found by Bottiger® to have first sought medical attention 
because of persistent fever. He suggested that a combination of “hema- 
turia, pain, and fever’? was more common than the accepted “classic” 
syndrome of “hematuria, pain, and palpable mass.” There appears to be a 
high degree of correlation between a markedly elevated erythrocyte 
sedimentation rate (> 100 mm. per hour) and the presence of fever 
directly related to the presence of hypernephroma.*: '* Elevation of tem- 
perature in this disease is not related to the development of metastatic 
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lesions; it may disappear with removal of the tumor if metastasis has not 
occurred. Hepatomegaly, splenomegaly, and elevation of serum alkaline 
phosphatase levels may develop in patients with hypernephroma in 
whom there is no evidence of distant spread of the neoplasm.**® The 
reason for these manifestations is not known. It is important to empha- 
size the fact that these abnormalities do not indicate spread of the 
disease and that surgical intervention at this point may prolong or save 
life. 

Carcinomas of the kidney are often insidious in onset and protean 
in their manifestations, which do not always suggest renal disease. Since 
prognosis is related to early recognition of the lesion and prompt removal 
of the involved kidney, every available diagnostic procedure capable of 
demonstrating the presence of the tumor must be employed. Nephro- 
tomography and selective renal angiography are of great value in per- 
mitting detection of these neoplasms in their early stage, a time when 
they are usually not demonstrable by intravenous pyelography. The 
patient discussed below illustrates the importance of these procedures. 


Case 4. A 59 year old man was hospitalized because he had had fever for 3 
months and had lost 20 pounds during this period. He had no other symptoms. 
Physical examination revealed no abnormalities. The hematocrit was 34 per cent. 
The white blood cell and differential counts were within normal limits. Platelet 
count was 870,000 per cu. mm. The erythrocyte sedimentation rate was 130 mm. 
per hour. Serum albumin and globulin levels were 2.6 and 5.2 gm. per 100 ml., 
respectively; a, and 6-globulins were moderately elevated. Immunoelectrophore- 
sis revealed a moderate increase in IgA. Serum alkaline phosphatase level was 11.5 
Bodansky units. Numerous chemical determinations, radiologic studies including 
intravenous pyelography and biopsy of bone marrow and liver revealed no abnor- 
malities. Blood cultures yielded no organisms. Selective renal arteriogram dem- 
onstrated a small lesion in the right kidney. The liver was noted to be free of 
metastases by celiac arteriography. Nephrectomy revealed a renal cell carcinoma. 
Following this procedure, both the temperature and serum alkaline phosphatase 
returned to normal and the patient was well when discharged from the hospital. 


Selective renal arteriography, when properly performed, is a safe 
and highly accurate method for the detection of renal lesions not visual- 
ized by intravenous pyelography;”* ”’ it differentiates malignant tumors 
from benign cysts of the kidney in 99 per cent of cases.** Additional 
angiographic techniques, including celiac arteriography, renal phlebog- 
raphy, and catheterization of small retroperitoneal arteries (inferior 
phrenic, middle adrenal, lumbar, and gonadal) are of great help in ruling 
out or establishing the presence of metastases." 

Complications of selective renal arteriography are uncommon. No 
deaths and only 10 “significant” complications, all of which cleared 
without sequelae, were observed in 1760 instances in which this pro- 
cedure was carried out at the Cleveland Clinic.?’ 


Lymphomas 


Any type of neoplasm of the lymph nodes may be accompanied by 
fever. Of all of the tumors in which this symptom is an outstanding 
feature, the lymphomas, especially Hodgkin’s disease, are probably the 
commonest. Elevation of temperature is less common when single or 
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small groups of peripheral nodes are involved; in many such cases, it 
is absent. These present little or no diagnostic problem because, although 
fever may be the presenting complaint, the presence of lymphadenop- 
athy directs the attention of the physician to a consideration of lymphoma 
and early biopsy, which usually establishes the diagnosis. Striking fever 
is an almost universal accompaniment of the lymphomas that involve 
retroperitoneal or hilar lymph nodes. In these instances, no localizing 
signs can be elicited by routine studies and the problem is essentially one 
of prolonged fever of obscure origin. The forms of the disease in which 
involvement of the liver and spleen is present do not pose much of a 
problem in elucidation of the cause of the accompanying elevation of 
temperature, because the hepatomegaly often prompts biopsy, which 
leads to detection of the disease. It is important to stress the fact that 
Pel-Ebstein fever, the ‘“‘classic”’ finding in this kind of disease, is, in fact, 
very uncommon. There is no temperature curve that distinguishes the 
lymphomas from other neoplasms, infections, or other disorders in which 
fever may be a prominent sign. The temperature may be sustained at 
high or low levels or may be “spiking” in character and accompanied 
by rigors. In some cases, the onset is so acute and fever so marked that 
the possibility of a severe septic process is first suspected. 

One of the most important advances in the diagnosis of the lympho- 
mas, especially those limited to nodes in the chest or abdomen, has been 
the development of venacavography and lymphangiography. This has 
reduced strikingly the need for exploratory laparotomy in establishing 
the presence of this kind of disease. The following case illustrates the 
diagnostic value of these radiologic techniques. 


CASE 5. A 35 year old man was admitted to the hospital because he had had 
persistent fever, anorexia, and loss of weight for the preceding 6 weeks. The 
temperature was 102.8° F. at the time of admission. The spleen was palpable 3 
cm. below the left costal margin. Physical examination was otherwise unremark- 
able. The hematocrit was 41 per cent and the white blood cell count 19,900 per 
cu. mm. with 79 per cent neutrophils and 11 per cent lymphocytes. The erythro- 
cyte sedimentation rate was 118 mm. per hr. Serum albumin and globulin levels 
were 2.8 and 3.8 gm. per 100 ml., respectively. The a, and a, globulins were 
slightly increased. Numerous other chemical determinations and radiologic 
studies revealed no abnormalities. Blood cultures were sterile. Myeloid hyper- 
plasia and moderate eosinophilia were noted in the bone marrow. 

The patient’s course in the hospital was characterized by daily fever. Because 
of the possibility that he had lymphoma, lymphangiography was carried out. 
This showed enlarged retroperitoneal lymph nodes. Biopsy established the pres- 
ence of Hodgkin’s disease. 


The enlarged retroperitoneal lymph nodes of lymphoma can be de- 
tected by lymphangiography in at least 90 per cent of cases.” Their ap- 
pearance is sufficiently characteristic to allow differentiation from lym- 
phadenopathy due to metastatic carcinoma or inflammatory proces- 
ses.”!'*> However, the pattern of lymph node involvement with semi- 
noma, leukemia, and occasionally sarcoidosis may be indistinguishable 
from that produced by the lymphomas.”! The only important complica- 
tion of lymphangiography is pulmonary oil (Ethiodol) embolism.2! 
Since this procedure produces a transient decrease in diffusing capacity, 
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capillary blood volume, and compliance of the lung, the presence of 
parenchymal pulmonary disease is a relative contraindication to its 
use.'*! Inferior venacavogram is of value in demonstrating enlarged 
lymph nodes high in the para-aortic chain and in the retroperitoneal 
space above the second lumbar segment, an area not visualized ade- 
quately by lymphangiography. 


Tumors of the Liver 


Fever isacommon sign in patients with tumors of the liver. Nineteen 
(23 per cent) of 81 individuals with metastatic lesions of this organ have 
been reported by Fenster and Klatskin™ to have had elevations of tem- 
perature in the absence of demonstrable infection; in six instances, fever 
was the complaint that led to medical investigation. Although the exact 
cause for the febrile state in this kind of disease is unknown, it has been 
suggested that it may be due to interference by the tumor with the 
metabolism of pyrogenic substances in the liver. Patients who present 
with fever together with intermittent episodes of sharp pain in the right 
upper quadrant, hepatomegaly (nodular), jaundice, ascites, signs of por- 
tal hypertension, anorexia, and weight loss present no real difficulty in 
diagnosis. It is those in whom the only abnormalities are fever and, in 
some instances, elevated serum alkaline phosphatase or other hepatic 
enzymes, who pose diagnostic problems. In such cases, the use of some 
of the recently developed radiologic techniques and biopsy are very help- 
ful in demonstrating the presence of hepatic lesions. 

Because practically all space-occupying lesions of the liver, regard- 
less of their nature, fail to take up radioactive material, it is difficult to 
establish diagnostic differentiation by radioisotope scintillation scanning. 
Nagler et al.*° have reported that 333 (83 per cent) of 402 “positive 
scans”? were confirmed as tumors; false positive results were observed 
in 17 per cent. In 148 “normal scans,” 12 per cent were subsequently 
proved to be false negative. The degree of accuracy of radioisotope color 
scanning in the detection of hepatic neoplasms was noted by Baum and 
his colleagues? to be of the order of 89 per cent; only one of the 70 “‘nor- 
mal scans” was later proved to be false negative. It has been suggested 
that radioisotope scintillation scanning is more accurate than surgical 
exploration in excluding the presence of liver tumors. 

Selective arteriography also has an important place in the detection 
of hepatic neoplasms." ?” °° This technique has been reported to have an 
accuracy of about 92 per cent.*' While radioisotope scanning cannot 
demonstrate lesions in the liver smaller than 2 cm. in diameter, hepatic 
arteriography may delineate those as small as 1 cm., especially if they 
are of vascular origin, and indicate their nature. Arteriographic studies 
of the liver are safe; no complications were noted by Baum et al.’ in 
150 consecutive patients in whom this procedure was carried out. The 
use of scintillation scanning and arteriography together is often helpful 
in the exact definition of hepatic lesions. For example, while the arterio- 
graphic findings may be suggestive of the presence of a neoplasm in an 
individual with hepatic cirrhosis because of arteriovenous shunt or vas- 
cular displacement, radioisotope scanning will be of help in ruling out 
the presence of tumor.”° 
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The diagnostic value of percutaneous biopsy of the liver is well 
established. The accuracy of this procedure in the detection of neo- 
plasms in this organ varies from 66 to 91 per cent, and averages 75 per 
cent with single biopsies.'* ‘2 The diagnostic yield of hepatic biopsy is 
greatest when the primary tumors are drained by systemic rather than 
by portal veins and when metastatic invasion is sufficient to produce an 
appreciable degree of hepatomegaly.'® Percutaneous needle biopsy of 
the liver is a safe procedure; there are few if any serious complications 
when this is carried out by experienced persons." Localization of the 
tumor by either angiography or scanning is useful in indicating the most 
appropriate site for biopsy. The patient described below illustrates the 
value of biopsy of the liver in elucidating the cause of fever of obscure 
origin. 

CasE 6. A 51 year old woman was hospitalized; she had had fever, anorexia 
and progressive loss of weight for 8 weeks. At the age of 26 she had undergone 
thoracoplasty for pulmonary tuberculosis. Six years prior to admission, she was 
treated with isoniazid and para-aminosalicylic acid for 2 years. The only abnormal 
physical findings detected at the time of admission to the hospital were hypo- 
resonance and dullness to percussion over the apex of the left lung, and enlarge- 
ment (3 cm. below the right costal margin) and slight tenderness of the liver. 
The hematocrit was 26 per cent and the white blood cell count 10,500 per cu. mm.; 
the differential count was normal. The erythrocyte sedimentation rate was 125 
mm. per hr. Serum alkaline phophatase was 4.7 Bodansky units. All other chemi- 
cal studies and radiologic examinations were within normal limits. Numerous 
blood cultures were sterile. Because of persistence of fever and failure to detect 
its cause, liver biopsy was carried out. This revealed metastatic adenocarcinoma. 


Neoplasms of Other Organs 


Among other neoplastic disorders in which persistent fever may be 
the sole or outstanding feature are carcinomas of the stomach, colon, or 
pancreas and aleukemic leukemia. Radiologic and endoscopic examina- 
tion together with cytologic studies reveal the diagnosis in most in- 
stances of carcinoma of the stomach. Barium enema and sigmoidoscopy 
usually suffice to establish the presence of tumors of the colon. Detec- 
tion of neoplasms of the pancreas is difficult because of the inaccessibil- 
ity of this organ to the usual means of examination. The use of angiog- 
raphy has recently been shown to be of great help in demonstrating such 
lesions. Angiographic findings strongly suggestive or diagnostic of neo- 
plasm were observed by Bookstein et al.‘ in 36 (88 per cent) of 41 cases of 
pancreatic carcinoma. A review of the angiograms of nine patients found 
to have this lesion at laparotomy by Paul and his associates** indicated 
that the radiologic findings could have established the diagnosis in eight 
instances prior to operation. Of six individuals in whom angiography was 
“negative,” only one revealed a tumor of the pancreas when the abdomen 
was explored. 


MISCELLANEOUS DISORDERS 


A large number of disorders other than those already discussed are 
associated with persistent fever in the absence of manifestations sug- 
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gestive of disease of a particular tissue or organ. Since it is not the pur- 
pose of this paper to present a catalogue of all of the causes of fever of 
obscure origin, only a selected few additional causes of this syndrome are 
presented briefly. 


Inflammatory Diseases of the Intestine 


Among the noninfectious diseases of the intestinal tract in which 
fever may be the outstanding or only feature are regional enteritis, 
granulomatous disease of the colon, and ulcerative colitis. One third of 
the 542 patients with regional enteritis studied by Crohn and Yarnis"” 
had fever; of these, 11 had no other symptoms. Others have reported 
similar experiences.”’ This is especially the case in children. One of us 
(L.W.) has had experience with a patient who had high grade fever for 
about 2 months without any evidence of intestinal involvement. Barium 
enema and sigmoidoscopy, however, revealed ulcerative colitis. A simi- 
lar situation may occur occasionally in patients with granulomatous 
colitis. 


Pelvic Thrombophlebitis 


The presence of persistent fever without localizing signs in patients 
who have delivered a child or undergone pelvic surgery should suggest 
the possibility of pelvic thrombophlebitis.'* The administration of hepa- 
rin has been found by Schulman and Zatuchni*® to produce deferves- 
cence within 48 hours in such cases. Because of the apparent specificity 
of this effect, they suggested the use of this agent as a diagnostic test in 
pelvic thrombophlebitis. Unexplained fever in the postpuerperal period 
or after gynecological surgical procedures is an indication for anticoagu- 
lation when no other cause for the elevated temperature can be dis- 
covered or there has been no apparent response to what is considered 
appropriate antimicrobial therapy for endometritis or parametritis. 


Subacute Thyroiditis 


Although the classical picture of subacute thyroiditis is featured 
by sore throat, pain in the neck, discomfort in the ears, and fever of 
varying degree, a small number of patients present themselves to the 
physician with no complaint other than persistent elevation of tempera- 
ture, usually of low or moderate degree. The presence of the disease is 
often overlooked because of failure to examine the thyroid carefully. 
Tenderness of the gland is always detectable. If only limited involve- 
ment is present, it is usually the isthmus that is moderately enlarged and 
tender. 


Allergy to Drugs and Chemicals 


One of the causes of fever of obscure origin frequently overlooked 
is sensitization to a drug or other chemical substance. Among the thera- 
peutic agents allergy to which may be associated with elevation of 
temperature, sometimes to high levels and accompanied by rigors, are 
the sulfonamides, all of the antibiotics, quinidine, propylthiouracil, 
para-aminosalicylic acid, isoniazid, and atropine. As a rule, the duration 
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of fever is directly related to the time required for the drug to be excreted. 
Because it is very slow to leave the body, the ingestion of only a few doses 
of iodine may be followed, in a rare instance, by persistence of elevation 
of temperature for a month or longer. In some cases occupational expo- 
sure to chemicals may be responsible for the development and persis- 
tence of fever. A case in point is so-called polymer-fume fever, an idio- 
syncratic reaction in an occasional individual whose work involves 
contact with various plastics. 


Familial Mediterranean Fever 


This syndrome, usually characterized by episodic abdominal pain, 
arthralgia or arthritis, fever, and, as a late manifestation, amyloidosis, 
occasionally presents only with elevation of temperature. The ethnic 
background of patients, together with failure to find any other cause for 
the fever, usually suggests the possibility of familial Mediterranean 
fever, a diagnosis which is finally established by continuous study and, 
late in the course, by the demonstration of amyloid in rectal biopsy. 


Psychogenic Fever 


There is no doubt that emotional problems may provoke the develop- 
ment of low-grade fever (up to 100.4° F. orally) that persists for months or 
years. Patients with this problem are usually seen after they have been 
studied extensively and expensively over a prolonged period without 
discovery of the cause of their complaint. They usually have not lost 
weight and do not appear ill, although they often point out that they are 
aware that their temperature is elevated because of the presence of 
generalized myalgia, headache, and a general sensation of illness. Two 
procedures, in addition to a history suggestive of an emotional disorder, 
are of help in suggesting the problem of psychogenic fever. The 
erythrocyte sedimentation rate is normal. Administration of a small dose 
of a barbiturate or removal from the stressful life situation, if possible, 
usually results in disappearance of the “fever.” 


“Essential Oral Hyperthermia” 


An uncommon but very interesting cause of fever of obscure origin 
is “essential oral hyperthermia.” The outstanding feature of this syn- 
drome is elevation of the oral temperature, which approaches, equals, or 
occasionally exceeds the rectal temperature. The disorder involves 
primarily young women and has no pathological significance. The prob- 
lem is readily resolved by measuring oral and rectal temperatures 
simultaneously. 


Factitious Fever 


One of the most important first steps in the study of fever of obscure 
origin is to rule out the possibility that the elevation of temperature is 
factitious. Fourteen of the patients studied by Petersdorf and Bennett*® 
presented this problem; 12 were women, of whom five were nurses. They 
pointed out four clues to this diagnosis: (a) failure of the temperature 
curve to follow the normal diurnal variation of body temperature; (b) 
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absence of tachycardia in the face of abrupt spikes of temperature; 
(c) strikingly rapid defervescence unaccompanied by sweating; and 
(d) presence of fever of 106° F. or higher, a relatively rare phenomenon 
in adults. A variety of maneuvers have been used by patients to falsify 
their temperatures. Among these are warming of the thermometer by 
placing it over an electric light bulb or close to a steam pipe or radiator, 
rubbing the bulb of the instrument with the fingers or against the bed 
sheets, producing friction by manipulation of the teeth, gums or anal 
sphincter, and substituting preset thermometers for those distributed 
by the nurse. The presence of a physician or nurse at the bedside while 
temperature is being taken is advisable when the possibility of spurious 
fever is suspected. Measurement of the temperature of freshly voided 
urine may also be of help in resolving the problem. 


EXPLORATORY LAPAROTOMY 


The value of exploratory laparotomy in the diagnosis of fever of 
obscure origin has been emphasized by Geraci et al.,!* who reported that 
this procedure established the cause in 42 (60 per cent) of 70 patients, 
and by Keller and Williams,’ who obtained positive results in 38 (82 
per cent) of 46 cases. The disorders most commonly present in these 
individuals were retroperitoneal lymphoma, hypernephroma, metastatic 
hepatic disease, and tuberculous peritonitis. Others have, however, 
found this operation of less help. Thus, Sheon and Van Ommen*! noted 
that the diagnosis was established in only 8 (26 per cent) of 30 patients 
subjected to laparotomy because of etiologically undefined fever. 
Although the presence of hepatomegaly, splenomegaly, ascites, ab- 
dominal mass, unilateral pleural effusion, or unexplained elevation of 
serum alkaline phosphatase are strong indications for exploratory 
laparotomy, the present availability of sophisticated radiologic tech- 
niques and biopsy makes this operation much less frequently necessary 
for the definition of fever of obscure origin than it has been in the past. 


CONCLUDING REMARKS 


Therapeutic trials must never be substituted for thorough investi- 
gation of fever of obscure origin. The empiric use of antimicrobial agents 
or corticosteroids, or both, is not only dangerous because of the risk of 
serious reactions but may also be misleading because fall of temperature 
may be purely fortuitous or only the result of the antipyretic effects of 
steroids. The experienced clinician knows that, in many instances, a 
therapeutic response has no diagnostic significance. In some cases, 
improper use of antibiotics leads to a false sense of therapeutic and 
diagnostic security. A good example of this is subacute bacterial 
endocarditis. The application of short courses of treatment with an 
antibiotic often produces defervescence for as long as the drug is given 
and for a short while after it is stopped. Repeated exposure to therapy 
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results in remitting, recurring fever that may go on over a period of 
weeks with increasing valvular damage until the diagnosis is finally 
established by culture of the blood. 

While much of this paper has been devoted to discussion of various 
procedures that may be of help in defining the cause of persistent 
etiologically undefined fever, it must be stressed that, in some instances, 
even these may not yield the diagnosis at first. This is probably so because 
the lesions responsible for the elevated temperature have not yet devel- 
oped to the point where they are detectable by these techniques. A very 
important and often disregarded approach to the solution of the problem 
in such cases is the purely clinical one of following the course of the 
patient’s illness. This involves re-discussion of the historical back- 
ground and frequent repetition of the physical examination and selected 
biochemical and radiologic studies. In fact, in those instances in whicha 
diagnosis is still not apparent after 2 to 3 weeks of careful investigation, 
it is good practice to “readmit” the patient—that is, to obtain a history, 
carry out a physical examination, and map a plan of investigation as if 
he were being seen for the first time. 

Finally, it must be pointed out that, in occasional patients, it is not 
possible to define the cause of persistent fever. In some, the elevation of 
temperature disappears spontaneously after weeks or months without 
discovery of its cause. In a rare case, fever may persist, death occurs, and 
its etiology cannot be uncovered even by the most detailed study at 
necropsy. 
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Urinary Tract Infection 


R. H. FLOCKS, M.D.* 


Urinary infection is by far the most common urologic disease. 
The incidence of urinary tract infection is highest before the age of 2 and 
after the age of 40. However, it occurs frequently between these ages, 
particularly in girls and women. It should be emphasized that a bacteri- 
uria of 100,000 colonies per ml. in a properly collected specimen is evi- 
dence of urinary tract infection and that, furthermore, whenever urinary 
tract infection is present, the entire urinary passageway becomes in- 
volved, regardless of the area of primary involvement. Recurrent chronic 
urinary tract infection will, for all practical purposes, always lead to 
renal involvement and eventually to renal insufficiency. 

Although the common etiologic factor in all urinary tract infections 
is the presence of the infecting organism, it is very rare indeed that the 
normal urinary tract, aided by chemotherapeutic and antibiotic agents, 
will not readily overcome the urinary tract infection. Relapse or recur- 
rence of chronic infection indicates the presence of an underlying dis- 
ease which needs to be identified and corrected if infection is to be 
eradicated. Therefore, in the management of urinary tract infections, 
two facets must be evaluated: (1) the invading organism, and (2) the 
invaded host. 

Not only is it necessary to identify the type of organisms and their 
response to chemotherapeutic or antibiotic agents, but it is equally im- 
portant to identify the source of the organisms, their portal of entry into 
the urinary tract, and the presence of intrinsic or extrinsic pathologic 
lesions that alter the urinary passageways. Unless all of these factors 
are corrected, administration of chemotherapeutic or antibiotic agents 
will fail to eradicate the infection. The etiologic factors involved are well 
illustrated in Table 1. 

Urinary tract infections may be divided simply into acute upper 
tract infection, acute lower tract infection, asymptomatic bacteriuria, 
chronic upper tract infection, and chronic lower tract infection, as 
advocated by Smith and Martin, but such a classification does not assist 
in establishing a clear, concise understanding of the influence of each of 
the responsible factors in each individual patient. 


*Professor of Urology, University of Iowa College of Medicine; Urologist in Chief, University 
Hospitals, lowa City, Iowa. 
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DIAGNOSIS 


Recognizing that the organism and the host are the two principal 
factors in all urinary tract infections, the following diagnostic regimen 
is indicated: A complete history should be obtained and a complete 
physical examination performed. One must seek a primary focus of in- 
fection within a patient that secondarily involves the urinary tract by 
direct extension or by lymphogenous or hematogenous dissemination. 
Staphylococcic abscesses in bone or skin provide a portal of entry for 
hematogenous dissemination of organisms to the renal parenchyma. 
Organisms may reach the urinary passageways from infected enteric 
diverticula by direct extension to the ureter or bladder or by lymphatic 
dissemination. Direct implant of organisms into the female urethra from 
vaginitis or cervicitis accompanies poor hygiene or the act of sexual 
intercourse, producing urethritis or cystitis, which then may ascend 
through the urinary tract to involve the kidneys. Chills and fever are 
indications of a patient’s systemic response to an infection, while fre- 
quency, dysuria, pyuria, hematuria, and localized pain suggest the 
urinary tract as the site of the inflammation. These symptoms compose 
the clinical history commonly encountered in urinary tract infection. 
Occasionally, however, silent bacteriuria may be found, but as a general 
rule, urinary infections are characterized by symptoms even if they are 
vague and not suggestive of urinary tract disease, such as loss of appetite, 
nausea, vomiting, abdominal cramps, irritability, listlessness, and 
malaise. 


Examination of the Urine 


Careful chemical, microscopic, and cultural examinations of the 
urine are extremely important. The urine is the end product of the 
urinary tract and reflects the state of the system from which it is pro- 
duced and through which it flows. Significant alterations in the urine of 
patients with urinary tract infection are found in the determination of 
the pH, the appearance of protein and sugar, and microscopic and bac- 
teriological examination of the urinary sediment. Infections with organ- 
isms that liberate ammonia in the process of metabolizing urea produce 
a strong alkaline urine. On the other hand, certain infections such as 
tuberculosis may be associated with an acid urine. In chronic infection 
and not infrequently in acute infection, albuminuria may be present. 
While sugar in the urine is not directly related to the presence of infec- 
tion, it intensifies the severity of the infection and increases the diffi- 
culty in eradicating it. Diabetes mellitus as an underlying factor in 
urinary tract infection is frequent. 

Identification of the composition of the urinary sediment in urinary 
tract infection is extremely important. Heavy crystalluria may indicate 
the presence of complicating calculi prior to their visualization by roent- 
genography or cystoscopy. One of the characteristic responses of the 
body to infection is the increased production of white blood cells and 
their delivery to the site of tissue injury. Involvement of the urinary 
tract tissue by bacterial inflammation is accompanied by sucha response, 
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which is reflected by the presence of white blood cells in the urinary 
sediment. Pyuria is present with almost all urinary tract infections, 
although occasionally bacteriuria may exist without pyuria or pyuria 
without bacteriuria when the inflammation is not due to an infecting 
organism. Furthermore, certain organisms are not readily demonstrable 
by routine staining and cultural techniques, leading to the coining of 
such a label as “sterile pyuria” or ‘‘abacterial pyuria.’’ Special identi- 
fying techniques for “L-type organisms” or “tubercle bacilli” are re- 
quired when such conditions are encountered. 

The majority of urinary tract infections are produced by organisms 
readily identified in the urinary sediment by microscopic examination of 
the wet specimens, stained preparations, or ordinary culture techniques. 
The time-honored Gram stain of the urinary sediment continues to 
provide valuable information many hours earlier than the culture 
techniques. Those experienced with the Gram stain gain accurate esti- 
mates not only of significant bacteriuria but also of the type of invading 
organism present, which permits judicious selection and administration 
of chemotherapeutic or antibiotic agents earlier than the culture 
methods. In addition, various colorimetric methods for determining 
bacterial concentration have been devised. The one most commonly 
employed is the triphenyltetrazolium chloride test. 

Many lesions are responsible for the appearance of red blood cells 
in the urine, and infection frequently produces microscopic hematuria 
and occasionally sufficient bleeding occurs to produce gross hematuria. 
Cylindruria or casts, when present, are indicative of renal involvement. 


Collection of the Urine Specimen 


Since the examination of the urine occupies such a prominent posi- 
tion in establishing the diagnosis of urinary tract infection, the collec- 
tion of the specimen must be performed in such a manner that the risk 
of contamination is low. Essentially three techniques are available which 
permit collection of a reliable sample: (1) a clean catch midstream voided 
specimen, (2) urethral catheterization, and (3) suprapubic needle aspira- 
tion of the bladder. The preferable technique is the clean catch mid- 
stream voided specimen, since difficulties associated with the introduc- 
tion of a urethral catheter can be circumvented. A bacterial count of 
100,000 colonies per ml. of urine in a specimen properly collected and 
examined is indicative of a significant urinary tract infection. One 
should not be too rigid in appiying this rule, since it should be empha- 
sized that a low bacterial colony count may be secured when patients 
have been on a water load before the urine specimen is obtained for 
study. If there is some reason to suspect the result obtained in this 
manner, and this occurs particularly in women, sterile urethral cathe- 
terization should be performed in such a manner that urethral trauma 
is eliminated completely. The traumatized urethra is fertile soil for the 
growth of organisms. When pathologic changes about the urethra render 
a clean catch midstream voided specimen or catheterization unreliable, 
an uncontaminated urine specimen may be secured by suprapubic 
needle aspiration. The danger of this technique, particularly when lower 
urinary tract obstruction exists, is leakage of infected urine through the 
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needle tract with contamination of the perivesical tissue in the space 
of Retzius. 


Condition of the Urinary Tract 


While the identification of the organism and its sensitivity to thera- 
peutic drugs is important in the management of urinary infections, of 
equal importance is the condition of the urinary tract. The inception and 
perpetuation of urinary tract infection is augmented greatly by changes 
in the urinary tract from intrinsic or extrinsic obstruction, trauma, neo- 
plasm, neurogenic disease, or the presence of a foreign body. Under 
such circumstances, chemotherapeutic and antibiotic agents alone will 
be ineffectual. Therefore, before the infection can be managed satis- 
factorily, pathologic lesions involving the urinary tract must be corrected. 
With the roentgenographic (excretory urography, cystourethrography, 
and cinefluoroscopy) and instrumental (urethroscopy, cystoscopy) 
examinations available today, the evaluation of the morphology and func- 
tion of the entire urinary tract is feasible. Therefore, there is no justifica- 
tion for failure to recognize primary urinary tract disease and the part it 
plays in the pathogenesis of urinary tract infection. 

Diagnostic renal biopsy in upper urinary tract infection should not 
be performed until other measures described above have been utilized 
and until therapeutic means have failed to effect a cure. Renal biopsy 
traumatizes the renal parenchyma, which, in the face of infection, 
encourages the spread of the disease. Furthermore, the small samples 
of parenchyma secured may miss the diseased portion, since renal 
infections are characteristically patchy in distribution. However, at times 
in the course of the management of a patient with infection, renal biopsy 
may be a worthwhile procedure. 


MANAGEMENT 


Having completely evaluated the bacteriological, pathological, and 
clinical etiologic factors, a course of management is outlined. If a pre- 
disposing lesion is present, it should be corrected immediately. At the 
same time, anti-infective treatment is instituted, based upon the sensi- 
tivity of the organism to the various available agents. It is to be empha- 
sized that these may be given orally, intravenously, or topically. Chemo- 
therapeutic agents and antibiotics useful in infections of the urinary 
tract are listed in Table 2. 

The following illustrative cases support the fundamental principles 
emphasized in this paper, that systemic or localized disease renders the 
urinary tract more susceptible to invasion by microorganisms and that 
correction of these contributing factors must be accomplished before 
satisfactory eradication of the infection can be achieved. 


CASE REPORTS 


CASE 1. The significance of systemic disease in urinary tract infections. 
A 22 year old woman had diabetes mellitus, first recognized at the age of 2 years. 
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Table 2. Agents Often Useful in Infections of the 
Urinary Tract 


Gram-negative bacilli 
Ampicillin 
Kanamycin 
Crystalline penicillin G 
Polymyxin/colistin methanesulfonate 
Tetracycline/chloramphenicol 


Gram-positive cocci 
Ampicillin 
Crystalline penicillin G 
Nafcillin 
Methicillin 
Kanamycin 


Topical Agents useful for chronic infections of the bladder 
1/750:1/1000 silver nitrate solution 
1:6 Nitrofurazone solution 
Furadantin and “sulfa” drugs—may be given by mouth over long 
periods of time 


Control of the diabetic state had been achieved with the use of 44 units of NPH 
insulin each morning and 30 units prior to the evening meal. While she had been 
managed fairly well on this therapy, complications such as a decrease in visual 
acuity had developed. Five weeks prior to admission she noted the onset of fever 
and pyuria. She consulted her family physician, who administered sulfonamide 
and tetracycline therapy. In spite of this regimen, she continued to have low-grade 
fever and developed bilateral costovertebral angle pain. This was accompanied 
by nocturia and dysuria. To the best of her knowledge this was her first problem 
with genitourinary tract difficulty. 

Physical examination revealed a severe diabetic retinopathy. There was a 
grade II systolic murmur heard over the entire precordium. Her blood pressure 
was 150/90 mm. Hg. The abdomen and genitalia were normal. A urinalysis showed 
a 2+ albuminuria, 1+ sugar, large numbers of white blood cells, and numerous 
bacteria. A urine culture revealed E. coli, sensitive to colistimethate. Excretory 
urograms showed prompt bilateral function from an unobstructed upper urinary 
tract. The renal shadows were large, measuring 16.4 and 16.2 cm. 

The patient improved with specific antibiotic therapy and within a week was 
discharged from the hospital. Medication was continued for 6 weeks, but within 
1 week after it was discontinued, she developed bilateral flank pain, most severe 
on the right side, nausea, and vomiting, and her temperature rose to 104° F. A 
repeat excretory urogram showed prompt function from a normal left kidney. On 
the right side the function was delayed. The collecting system was incompletely 
filled and there was an enlargement of the right kidney, particularly the upper 
pole (Fig. 1). 

The pyelographic changes and the clinical picture suggested a renal car- 
buncle, and an emergency exploration of the right kidney was performed. Mul- 
tiple abscesses were noted throughout the renal substance (Fig. 2). Renal de- 
capsulation was performed. For 3 days her temperature was 104° F., but with the 
use of intravenous antibiotics this returned to normal. The wound healed promptly 
and another excretory urogram showed the right kidney had returned essentially 
to normal size (Fig. 3). Treatment with colistimethate was continued until the 
pyuria disappeared and the urine became sterile. Nitrofurantoin therapy was 
instituted following her release from the hospital. During the episodes of acute 
urinary tract inflammation, considerable difficulty in controlling her diabetes 
was encountered. 


CASE 2. Effects of a combination of extrinsic and intrinsic factors that 
interfere with urine transport. A 22 year old white woman was well until 5 
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Figure 1. Preoperative ex- 
cretory urogram in a 22 year old 
patient (Case 1), showing normal 
function on the left side and en- 
largement of the right kidney. 


CY Y.§ <a 


Figure 2. Multiple abscesses were found throughout the substance of the right kidney 
(Case 1). 
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Figure 3. Postoperative ex- 
cretory urogram (Case 1); the right 
kidney has returned essentially to 
normal size. 


months prior to admission, when 1 week post partum she developed chills, fever, 
pyuria, nausea, vomiting, and left costovertebral angle and flank pain. Antibiotic 
therapy was instituted and her symptoms improved, but the pyuria persisted. 
Within 2 months after this therapy was stopped, her symptoms returned, and a 
second course of antibiotics was administered, with the same results. Her appetite 
was poor and she lost 30 pounds in 3 months. 

Except for mild left costovertebral angle tenderness, the results of the physical 
examination were normal. A urinalysis showed 1+ albuminuria and many white 
blood cells, but no bacteria were seen on the wet smear. Her hemoglobin was 12.7 
gm. per 100 ml., and the white blood count was 14,700 cells per cu. mm. Excre- 
tory urograms revealed a normal right kidney, but no contrast material was seen 
in 2 hours on the left side. The left renal outline was visible and appeared grossly 
normal. There was a 1.0 x 0.5 cm. opaque density in the region of the proximal 
ureter, which appeared to be a large ureteral calculus obstructing the left kidney. 

During cystoscopy, no efflux of urine from the left ureteral orifice was seen. A 
left ureterogram revealed calculus obstruction in the upper third of the ureter 
(Fig. 4). A catheter could not be passed beyond the calculus. Laboratory values, 
including blood urea nitrogen, creatinine, serum electrolytes, and urine calcium 
and phosphorus studies, were normal. 

Because of complete ureteral obstruction, with marked loss of renal parenchy- 
ma, a left nephrectomy was performed. The kidney was a pyohydronephrotic sac 
(Fig. 4). The pathology report revealed that the parenchyma had been destroyed 
almost completely by acute and chronic cellulitis. A few glomeruli were seen but 
few, if any, tubules were present in the sections. There was a suppurative inflam- 
mation involving both the cortical and medullary portions of the kidney. The 
pelvis was filled with purulent exudate. After the removal of the pyohydronephro- 
tic kidney, the patient’s recovery was uneventful. Her pyuria completely disap- 
peared, and follow-up examinations have shown her to be in good health. Altera- 
tion in transport of urine from the upper urinary tract initiated by pregnancy was 


complicated by calculus ureteral obstruction and superimposed infection that 
destroyed the kidney. 
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Figure 4. Preoperative left ureterogram, showing calculus obstruction in the upper 
third of the ureter (Case 2). Superimposed is a photograph of the excised left kidney; the 
parenchyma has been destroyed almost completely by acute and chronic cellulitis. 


CasE 3. Extrinsic structures or disease impeding the transport of urine, 
producing stasis with subsequent infection. A 17 year old white boy who was 
seen because of right-sided abdominal pain. No other symptoms were elicited, 
but pyuria was found. Right hydronephrosis, secondary to ureteropelvic obstruc- 
tion, was demonstrated by excretory urography; antimicrobial therapy was insti- 
tuted and his symptoms disappeared, only to reappear 6 months later. The right 
flank pain became severe and was accentuated by the ingestion of large quantities 
of fluid. Physical examination was completely normal except during the episodes 
of right flank pain, when tenderness was noted in the costovertebral angle on 
palpation. The only abnormal laboratory examination was intermittent pyuria, 
associated with episodes of acute flank pain. Repeat excretory urography demon- 
strated advancement of the hydronephrosis (Fig. 5). 

At the time of surgical exploration, ureteropelvic obstruction secondary toa 
large branch of the main renal artery coursing to the lower pole was encountered. 
Relief of obstruction was achieved by dissecting the vessel away from the uretero- 
pelvic junction and fixing the kidney to the posterior abdominal wall in such a 
manner that the vessel and the ureteropelvic juncture were no longer in apposi- 
tion. No intrinsic obstruction was found when the pelvis was opened and the 
ureteropelvic area calibrated. 

No further episodes of pain or pyuria have occurred since the operative pro- 
cedure. Repeat excretory urograms showed marked improvement in the hydro- 
nephrosis (Fig. 6). Not only does this case illustrate the importance of extrinsic 
obstructive factors in the production and perpetuation of urinary tract infection, 
it also points out the danger of being misled by the temporary but incomplete 
eradication of infection with antimicrobial therapy when urinary stasis is present. 


Case 4. Lower urinary tract lesions responsible for stasis and infection. A 
22 year old white woman consulted her family physician for routine prenatal 
examination during her fourth month of pregnancy. Pyuria was noted and treated 
with antibiotics; however, the pyuria persisted. At the same time, a mass was 
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Figure 5. Preoperative excre- 
tory urogram, demonstrating hydro- 
nephrosis (Case 3). 


Figure 6. Postoperative excre- 
tory urogram, after a large branch 
of the main renal artery was dis- 
sected away from the ureteropel- 
vic junction (Case 3). 
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noted on the anterior vaginal wall in the region of the urethra, but it was thought 
to be associated with the pregnancy. At term she was delivered of a normal infant 
and returned to see her family physician for a 6 weeks’ post partum examination. 
At this time she was referred to a urologist because of persistent pyuria. The 
patient noted that the pyuria had been primarily terminal in nature and was 
accompanied by dysuria. 

On physical examination she appeared in good health. Her blood pressure 
was 110/60 mm. Hg., the lungs were clear to percussion and auscultation, and 
there were no masses nor organs palpable in the abdomen. On pelvic examination 
a cystic mass was palpable in the midportion of the urethra. Pressure upon the 
mass expressed cloudy material from the urethral meatus, from which E. coli 
was cultured. Routine urinalyses showed 15 to 20 white blood cells per high power 
field. Excretory urograms were normal. Urethrography and panendoscopy re- 
vealed a diverticulum, the orifice of which was located in the floor of the urethra, 
about 1 cm distal to the bladder neck (Fig. 7). The remainder of the bladder was 
normal. Urethral diverticulectomy was performed, following which urinary 
tract infection disappeared. 


CASE 5. Recurrent symptoms and signs of infection indicative of a pre- 
disposing abnormality within the urinary tract. A 9 year old white girl was 
admitted to the department of urology with repeated episodes of chills, fever, 
flank pain, and low backache since the age of 2. On several occasions pyuria was 
found, for which chemotherapy and antibiotic agents were administered. Sul- 
fonamides, which were utilized initially, became ineffective. The most recent 
episodes were treated with nitrofurantoin, which remained effective at the time 
of admission. Although she had dysuria, frequency of urination, and pyuria, the 
urinary tract had never been thoroughly evaluated. 

On physical examination, the child was in no distress. Her lungs were clear 
to percussion and auscultation. The heart had a normal sinus rhythm, and there 
were no murmurs. No masses or organs were palpable in the abdomen. The ex- 
ternal genitalia were normal for a 9 year old child. Urinalysis showed many white 
blood cells and bacteria but was otherwise within normal limits. An excretory 
urogram revealed prompt bilateral function without obstruction or dilatation of 
the upper urinary tract. Prompt and massive bilateral ureteral reflux was demon- 
strated on delayed cystography. Sequential voiding urethrograms showed an 
adequate funneling of the bladder neck with a urethral meatal stenosis (Fig. 8). 
Urine culture showed E. coli. At the time of cystoscopy the urethral meatus was 
calibrated at No. 16 French with bougies. The left ureteral orifice was abnormal, 
appearing stiff and pouting. 

A urethral meatotomy was performed. Chemotherapy was continued and she 
was discharged several days later from the hospital. At subsequent calibrations 
the urethra maintained its No. 30 French caliber. Dysuria and fever disappeared. 


Figure 7. Urethrogram of a 22 year old woman (Case 4), revealing a urethral diverticu- 
lum. 
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Figure 8. Sequential voiding urethrograms of a 9 year old girl (Case 5) with a urethral 
meatal stenosis. 


Urinalysis showed only an occasional white blood cell, and repeat cultures were 
negative. 


Case 6. Relationship of congenital abnormalities of the lower urinary tract 
to urinary tract infections. A 3/2 year old white boy was admitted with the 
complaints of fever, pyuria, enuresis, and urgency beginning 1 year prior to 
admission. He was small for his age and had a poor appetite. On physical examina- 
tion no particular positive findings were elicited. His urine was loaded with white 
blood cells and a culture showed both pseudomonas and Streptococcus fecalis. 
An excretory urogram revealed a normal left upper urinary tract. There was 
marked right hydronephrosis and hydroureter (Fig. 9). A cystogram showed a 
diverticulum at the base of the bladder on the right side (Fig. 10). No ureteral 
reflux was seen. 

The blood urea nitrogen was 15 and creatinine 1.0 mg. per 100 ml. The serum 
electrolytes were within normal limits. Cinecystourethrography showed a stenotic 
bladder neck with incomplete emptying of the bladder. The urethra appeared 
normal. At the time of cystoscopic examination, the right ureteral orifice could 
not be identified. A diverticulum opening was located in the area of the right half 
of the trigone and the ureteral orifice was assumed to empty into the diverticulum. 
Diverticulectomy, right ureteroneocystostomy, and bladder neck Y-V plasty were 
performed. However, the upper urinary tract on the right side remained hydro- 
nephrotic and infected and finally a right nephroureterectomy was performed, 
which relieved the patient of his discomfort and his urinary tract infection. 


CasE 7. A white woman, married and in good general health, complained of 
recurring attacks of burning, smarting, and frequency of urination with some 
gross hematuria lasting 5 or 6 days, exacerbated by sexual intercourse and clearing 
with the administration of nitrofurantoin, 100 mg. three times a day. During her 
most recent attack she had had no chills and fever, her white blood count was 
normal, and her general physical examination was negative. Cystoscopy revealed 
many petechiae submucosally in the bladder. A culture showed colon bacillus. 
One hundred ml. of 1:1000 silver nitrate solution was instilled into the bladder. 
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Figure 9. Excretory urogram 
of a 3% year old boy (Case 6), 
showing marked right hydroneph- 
rosis and hydroureter. 


Figure 10. Cystogram showing a diverticulum at the base of the bladder on the right 
side (Case 6). 
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The patient was placed on nitrofurantoin, 100 mg. three times a day. Within 24 
hours her symptoms had disappeared and within 48 hours her urine was negative 
for organisms. No local situation was found to account for the difficulty. The 
urethra calibrated to a No. 28 French. There was no evidence of cervicitis. Instilla- 
tions of silver nitrate solution were continued for a period of 1 week. The patient 
has had no recurrence of her difficulties in the ensuing year. This kind of infec- 
tion is very common and is cleared up readily by a regimen similar to the above. 


SUMMARY 


The key factors in the management of urinary tract infection are 
recognition that these infections involve not only an invading organism, 
but also associated urinary tract changes that provide a fertile soil for 
the invasion and that only through careful study of both factors can a 
rational therapeutic regimen be established for the patient. Therefore 
(1) an accurate identification of the etiologic organism by quantitative 
bacteriological methods is indicated; (2) an intensive search for and cor- 
rection of predisposing functional or anatomic defects in the urinary col- 
lecting system is mandatory; (3) extrinsic foci of infection must be 
recognized and eliminated; (4) intensive specific antimicrobial therapy 
of sufficient duration to eradicate the organisms and permit regression 
of secondary anatomic changes should be instituted; and (5) a careful 
program of prolonged management and evaluation should be followed 
to provide prompt recognition and treatment of complicating secondary 
manifestations of infection. 
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Uremia: Newer Concepts in 
Pathogenesis and Treatment 


STANLEY 8. FRANKLIN, M.D.* 


With the advent of new and more effective means of therapy, 
such as hemodialysis and transplantation, the outlook for patients with 
chronic renal failure is no longer hopeless for a select group. These new 
modalities of treatment have provided a clearer understanding of the 
natural history of uremia. Moreover, by prolonging the life of patients 
with chronic renal failure, there has been a modification of many aspects 
of uremia as well as the recognition of new disease entities. For this 
reason an understanding of abnormalities that occur in uremia is of 
prime importance to the practicing clinician who must deal with patients 
entering the stage of advanced renal insufficiency. The purpose of this 
paper is to provide an overview of the newer concepts in the pathogene- 
sis and treatment of uremia. 


NATURE OF THE UREMIC SYNDROME 


The so-called poisons or ‘‘X”’ factors of uremia are most probably 
nitrogen metabolites representing accumulated natural end products 
or their transformation. It would seem likely that the varied alterations 
in cellular function seen in uremia are due to the accumulation of a 
variety of noxious factors, perhaps varying in proportion in any one 
individual patient with renal insufficiency. Despite this complexity, the 
search goes on for the identification of specific factors for which one 
must define metabolic source, biochemical lesion, physiologic effect, 
and corresponding clinical symptoms. Table 1 lists a variety of cellular 
functions which are suppressed in uremia; many of these have been sug- 
gested as possible in vitro model systems in evaluating potential toxic 
factors of uremia. 

Since the review of possible toxic factors in uremia by Schreiner and 
Maher in 1960, few significant advances have been made in this field. 
The role of urea as a toxic factor in uremia has been debated for many 
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Table 1. Suppression of Cellular Function in Uremia 


Inhibition of platelet function, factor 3” 

Erythrocyte autohemolysis”® 

Glycoside inhibition of erythrocyte sodium pump* 

Depressed cellular and humoral immunologic responsiveness™ 

Inhibition of rabbit heart lactic dehydrogenase“ 

Inhibition of PAH transport in renal cortical slices* 

Inhibition of tritiated leucine incorporation into protein by rat liver hemogenates"™ 
Inhibition of oxygen uptake in cerebral cortex slices” 


years. The demonstration that hemodialysis of uremic patients with a 
high urea bath concentration relieved uremic symptoms suggested that 
urea was not a toxic substance.*”? However, there is now direct evidence 
for urea toxicity. Elevated blood urea in concentrations found clinically 
is associated with impaired monoamine oxidase enzyme activity,” 
decreased platelet adhesiveness,” and inhibition of oxygen uptake in 
cerebral cortex slices.” 

Recent studies suggest that derivatives of urea metabolism resulting 
from blocking of normal pathways by retained nitrogenous products 
may be responsible for many uremic manifestations. Methylurea, 
identified in body fluids of uremic subjects, has been shown to produce 
autohemolysis.?7 Since there is a correlation between in vitro auto- 
hemolysis and reduced red cell survival found in chronic uremia, it is 
possible that the same factors may be responsible for both. 

Guanidine compounds, structurally related to urea, and found in 
increased concentrations in uremic serum, may play an important role 
in the toxicity of uremia.” Guanidinosuccinic acid, a powerful repressor 
of the transamidinase responsible for the conversion of arginine to 
creatinine, is markedly increased in the serum of uremic patients.'® 
This would suggest that guanidinosuccinic acid is a product of an alter- 
native metabolic pathway for arginine (in the Krebs-Henseleit urea 
cycle) when the normal pathway is blocked by nitrogen retention. When 
this compound is added in vitro to normal plasma there is an inhibition 
of ADP-induced platelet factors, thereby simulating the qualitative 
platelet factor abnormalities thought to be responsible for the bleeding 
diathesis in uremia.’ 

The above studies show that a specific defect of cellular metabolism 
in uremia can be produced by a variety of nitrogenous compounds. It 
seems likely, therefore, that the alteration of uremia is the summation 
of total body suppression of active cell populations by a variety of toxic 
factors. It remains to be determined if the identification of these uremic 
toxins will lead to improved therapy of renal failure. 


NEUROLOGIC DISORDERS 
Peripheral Neuropathy 


The complication of peripheral polyneuropathy in chronic renal 
insufficiency is being observed more frequently in association with pro- 
longation of life in uremic patients. There seems to be an unexplained 
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higher incidence of peripheral neuropathy in male subjects. Most often 
the neuropathy is subclinical and can be demonstrated only by a reduc- 
tion in the velocity of nerve conduction.*! Initially the complaints are 
sensory, with painful burning paresthesias of the feet, followed soon 
thereafter by the restless leg syndrome: creeping, crawling, tickling, and 
itchy sensations deep in the lower limbs.!! Ordinarily the feet and legs 
are involved earlier and to a greater degree than the hands and arms. 
Autonomic and cranial nerves are usually spared. As the neuropathy 
becomes more severe, there frequently is loss of deep tendon reflexes, 
motor weakness, and atrophy. In an occasional patient there may be rapid 
progression from sensory to motor impairment in a period of several 
weeks. 

The cause of polyneuropathy is unknown. It does not appear to be 
related to vitamin deficiencies, protein-calorie malnutrition, or diabetes 
mellitus, although these conditions can also produce neuropathies which 
may occur independently or in conjunction with uremic polyneuropathy. 
Furadantin (nitrofurantoin) treatment for renal infections in both ure- 
mic and nonuremic patients has been associated with a diffuse symmetri- 
cal peripheral neuropathy.”! Often confused with polyneuropathy is the 
tickling, itchy sensation in patients with chronic renal failure, hyper- 
calcemia, and calcium deposition in the subcutaneous tissues.” 

Chronic hemodialysis appears to be of considerable value in slowing 
or arresting the progression of peripheral neuropathy.** However, it is 
not unusual, after starting hemodialysis, to see the first appearance or 
further progression of a peripheral neuropathy. This may be secondary 
to suboptimal duration or efficiency of the hemodialysis procedure. 
Chronic peritoneal dialysis, most frequently performed on a weekly 
basis in chronic uremia, is often associated with developing peripheral 
neuropathy. It is claimed that vigorous hemodialysis can reverse neu- 
ropathy, but this appears to hold only for the sensory component; when 
there is a significant motor nerve deficit it is rare to see any clear-cut 
improvement.® In contrast, successful renal transplantation is fre- 
quently followed within a few months by a striking improvement in 
both sensory loss and motor paralysis.” 


Central Nervous System Disorders 


Personality disorders are frequent in patients with renal failure 
with mental aberrations considered to be the first manifestation of the 
involvement of the central nervous system in uremia. Early changes 
include diminished attention span, memory loss, lassitude, and lethargy. 
In the face of untreated severe uremia these symptoms may progress to 
overt psychiatric disturbances with acute delirium, severe depression, 
confusion, stupor, and coma. Forewarning the appearance of these 
severe complications is the development of frequent myoclonic muscle 
spasms, twitching, metabolic asterixis, and seizure disorders.” 

Attempts at identification of specific neurotoxic factors in uremia 
have been unsuccessful. Cerebral blood flow studies have demonstrated 
a defect in oxygen utilization which is not necessarily associated with 
any disturbance of cerebral blood flow.** The finding of an abnormal 
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distribution of radiobromine between spinal fluid and serum in uremic 
patients as compared to normal control subjects suggests an abnor- 
mality in the blood-cerebrospinal fluid barrier;** this abnormality was 
readily corrected by effective hemodialysis.”* 

It must be kept in mind that nonuremic factors can produce central 
nervous system manifestations in uremic patients. Rapid lowering of 
blood pressure in patients with malignant hypertension has frequently 
precipitated convulsions. Both focal and myoclonic seizures have been 
associated with high blood levels of penicillin resulting from decreased 
renal excretion.’ Uremic patients also appear to be more sensitive to 
the development of extrapyramidal syndromes when given small doses 
of phenothiazines, especially prochlorperazine (Compazine).” 


The Dialysis Disequilibrium Syndrome 


Peritoneal and hemodialysis have produced a number of unique 
problems which are referred to collectively as the disequilibrium syn- 
drome. These symptoms consist of headache, nausea, vomiting, twitch- 
ing, mental aberrations, convulsive seizures, and cardiac irregularities. 
The patient usually recovers, although infrequently coma and death 
supervene. These acute neurologic changes can occur during hemo- 
dialysis but more commonly follow the procedure, with a delay of up to 
48 hours. It has been noted that the electroencephalogram becomes 
more abnormal during and after dialysis, even in uremic patients without 
neurological symptoms.** The disequilibrium syndrome is most fre- 
quently noted in the presence of long-duration dialysis and with rapid 
and extreme adjustments in either urea levels or acidosis. The appear- 
ance of neurologic symptoms in a patient who has otherwise been 
asymptomatic during previous runs should alert the physician to the 
possibility of new central nervous system disease, such as subdural 
hematoma, which otherwise might be asymptomatic until the stress 
of hemodialysis is superimposed on cerebral function. 

The possible etiology of the dialysis disequilibrium syndrome is 
summarized in Table 2. The reverse urea shift is thought to represent a 
lag in the equilibration of urea across the blood-brain barrier, so that 
rapid lowering of blood urea produces a shift of water into the brain as a 
result of higher urea concentrations in this compartment.” A similar 
Situation is thought to occur during rapid adjustments of acid-base 
balance. Carbon dioxide rapidly equilibrates across the blood-brain bar- 
rier, but bicarbonate ion does not. A large acute correction of serum pH 
usually accentuates the difference between pH of cerebrospinal fluid 
and that of blood, so that there may be a tendency for the cerebrospinal 
fluid and the brain to become temporarily more acid. The presence of a 
low concentration of glucose in the dialysate has produced disequili- 
brium symptoms in association with hypoglycemia;® moreover, a low 
level of glucose in the dialysate accentuates the EEG abnormalities anda 
high level improves them. 

Most patients who have been on chronic hemodialysis for some time 
will not demonstrate large changes in urea blood levels, acid-base 
metabolism, or blood sugar concentration. Therefore, other factors must 
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Table 2. Pathophysiology of the Dialysis Disequilibrium 
Syndrome 


Reverse urea shifts 

Alterations in cerebral acid-base relations 
Hypoglycemia 

Hypovolemia 

Water intoxication 

Hyponatremia secondary to sodiuin depletion 


be invoked. The use of low dialysate sodium concentrations to correct 
overhydration and hypertension has resulted in significant hyponatremia 
and disequilibrium symptoms. This was initially thought to be due to 
water intoxication but recent studies suggest that hyponatremia secon- 
dary to sodium depletion may also be an important factor.® 


CARDIOVASCULAR DISTURBANCES 


Pericarditis and Pericardial Tamponade 


Pericarditis has long been an occasional complication of both acute 
and chronic renal failure. With the advent of prolongation of life in 
chronic renal failure by both conservative measures and dialysis, peri- 
carditis is being seen with increasing frequency and in association with 
significant pericardial effusions which can produce tamponade.” In 
addition to the clinical and x-ray picture of pericardial effusion, the 
diagnosis can frequently be confirmed by radioisotope scintogram.!” 
The presence of significant tamponade may or may not be associated 
with hypotension, fall in pulse pressure, or paradoxical pulse.? The 
presence of a very low urine sodium concentration strongly supports 
the diagnosis of significant tamponade.” Moreover, significant decrease 
in cardiac output associated with tamponade may further lower renal 
perfusion and aggravate renal failure. An additional clue to the diagnosis 
of tamponade is the appearance of dyspnea shortly after the start or at 
the completion of dialysis. In the former there may be a loss of blood 
into the machine and in the latter a significant decrease in plasma 
volume secondary to ultrafiltration. The resulting diminished intra- 
vascular space accentuates the decrease in diastolic filling gradient in 
the left ventricle and hence further compromises cardiac output. 

Vigorous treatment of chronic renal failure by hemodialysis usually 
controls the problem of pericarditis and effusion. In an occasional 
patient, however, tamponade may first appear during chronic dialysis in 
association with satisfactory control of azotemia. The possible role of 
systemic anticoagulation predisposing to bleeding into the pericardium 
has led to the use of regional heparinization in the presence of peri- 
carditis. Because of the dangers of tamponade or the subsequent devel- 
opment of constrictive pericarditis, pericardiocentesis may be indicated 
to remove effusions. If effusions recur or if the fluid cannot be effectively 
removed by puncture it may be necessary to create a pericardial window 


for adequate drainage. 
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Occasionally the presence of a uremic myocardiopathy with acute 
dilatation of the heart is confused with pericardial effusions.* Concur- 
rent pericarditis may also be present and there usually is associated 
hypotension, tachycardias, and gallop rhythms. This condition usually 
occurs in the presence of severe uremia prior to the institution of effec- 
tive dialysis.* 


Pleuritis and Pleural Effusions 


Closely allied and frequently occurring concurrently with pericardi- 
tis and myocardiopathy is the presence of uremic pleuritis and effusions. 
These are usually associated with pleural friction rubs and occasionally 
with pleuritic chest pain. The effusions are straw colored in contrast to 
the serosanguinous effusions of uremic pericarditis. The underlying 
etiology of both pleural and pericardial serositis has not been delineated. 
Effective hemodialysis is most successful in ameliorating this complica- 
tion, although it can occasionally occur for the first time in dialysis 
patients. 

The presence of uremic pneumonitis is a frequently occurring but 
poorly understood manifestation of advanced renal failure. This is char- 
acterized by interstitial pneumonitis with x-ray findings of symmetrical, 
bilateral increased pulmonary densities, mainly limited to the hilar areas, 
with clear basal and peripheral zones. Although there may be associated 
fluid overload and congestive heart failure, this is not always so. Peri- 
toneal dialysis without changes in fluid balance has been successful in 
eradicating both the clinical and x-ray evidence of this entity.*° Recent 
measurements of pulmonary vascular pressure in uremic pneumonitis 
show values much lower than those usually found in left ventricular 
failure or mitral stenosis; occasionally values are normal.*° It has there- 
fore been suggested that there is a defect in pulmonary capillary per- 
meability in uremic pneumonitis so that pulmonary edema occurs witha 
smaller magnitude of fluid overload and a lesser increase in pulmonary 
vascular pressure.” 


Congestive Heart Failure and Edema 


In addition to uremic pericarditis and myocardiopathy, patients with 
chronic renal failure are more susceptible to cardiac decompensation 
because of frequently associated hypertensive cardiovascular disease as 
well as the ingestion of sodium chloride in amounts that exceed the 
excretory ability of the damaged kidney. The use of salt and water re- 
striction and diuretic therapy are usually of great value in managing the 
congestive state. In the presence of renal disease with creatinine clear- 
ances of less than 20 ml. per min., thiazide and mercurial diuretics may 
be ineffective in producing a significant diuresis.*® Moreover, the poor 
excretion of mercury may predispose to a greater fixing of mercury to 
renal tissue with subsequent toxicity. Diuretics which block potassium 
secretion in the distal tubule, such as spironolactones and triamterene, 
may produce dangerous levels of hyperkalemia when administered to 
patients with renal insufficiency.*® These agents should be used with 
caution in patients with creatinine clearances of less than 50 ml. per 
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min. and probably not at all with clearances of less than 20 ml. per min. 
The only exception to this dictum would be in patients with severe hyper- 
tension, secondary hyperaldosteronism, and tendencies toward marked 
potassium wasting even in the presence of advanced renal failure. 

Ethacrynic acid and furosemide are unique among diuretics in that 
they will frequently produce a significant diuresis in the presence of 
severe insufficiency with creatinine clearances as low as 5 to 10 ml. 
per min.** Large doses of these drugs, however, may be necessary to 
initiate a brisk diuresis. Because the diuretic response is much less 
brisk in renal failure as compared with normal renal function, it is un- 
usual to observe a decrease in glomerular filtration rate. This is usually 
seen only when diuretic agents are administered daily over an extended 
period, leading to negative sodium balance and depletion of both extra- 
cellular and plasma fluid volumes. Because of recently described rever- 
sible and irreversible ototoxicity in patients with renal insufficiency 
who have received ethacrynic acid, furosemide is the diuretic of choice 
in treating circulatory congestive states in uremia.” 

Although cardiac glycosides may predispose to toxic arrhythmias in 
uremic patients undergoing peritoneal or hemodialysis, their use is oc- 
casionally necessary. In the patient with renal failure the dose of cardiac 
glycosides must be chosen with care to avoid overdose with subsequent 
toxicity.°* Digoxin, which is largely excreted by the kidney, has a pro- 
longed half-life when administered to patients with renal insufficiency. 
In patients with severe renal failure, with creatinine clearances of less 
than 20 ml. per min., it has been suggested that the administration of 
one half to two thirds of the usual loading and maintenance dose is 
satisfactory in producing therapeutic but not toxic levels. Digitoxin, 
which is in part metabolized, should be given in three quarters of the 
usual dose in patients with advanced renal failure.** Since little is known 
of the metabolism and excretion of digitalis leaf and other digitalis 
preparations, we do not know how these agents should be administered 
in the presence of renal impairment. 

Because cardiac glycosides are rapidly taken up by body tissues, 
only a small percentage of the administered dose will remain in the 
plasma, even when given in toxic amounts. For this reason neither 
hemodialysis nor peritoneal dialysis are effective in removing signifi- 
cant amounts of glycosides.** However, the influence of dialysis in re- 
moving body potassium and correcting hypocalcemia and metabolic 
acidosis may have a profound effect on the cardiac status of the digi- 
talized patient. Therefore, it is preferable to avoid digitalization in dialy- 
sis patients if other modalities of treatment will suffice. When digitaliza- 
tion is necessary the danger of toxic arrhythmias can be minimized if 
extra potassium is added to the dialysis fluids or given directly to the 
dialyzed patient. 

Occasionally when all attempts at conservative management of 
congestive heart failure have failed, removal of excess salt and water by 
dialysis may be beneficial in correcting congestive heart failure and the 
associated hemodynamic deterioration in renal function. Once this is 
achieved an occasional patient may continue to have a stable level of 
renal function and be free of uremic symptoms for an extended period. 
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Hypertension 


Although hypertension is commonly associated with a variety of 
kidney diseases, its relative incidence has not been established, nor do 
we have an adequate understanding of its pathogenesis. As renal disease 
progresses to end stage renal failure, however, there is an increasing 
incidence of hypertension regardless of underlying etiology. Hyperten- 
sion, if left untreated, may further accelerate the deterioration of kidney 
function. For this reason vigorous antihypertensive drug therapy has 
been advocated. The old impression that reduction of blood pressure in 
patients with renal insufficiency is accompanied by further rapid deter- 
ioration of renal function has not been substantiated.® The therapeutic 
aim is to lower diastolic blood pressures to 100 mm. Hg or less in the erect 
posture and without associated symptoms of orthostasis. To achieve 
significant blood pressure reduction it is usually necessary to use one of 
the more potent adrenergic blocking agents, such as methyldopa or 
guanethidine, often in combination with hydralazine and thiazide 
diuretics. Dietary sodium must be appropriate to the degree of renal 
impairment and obligatory salt excretion and should not be drastically 
restricted without careful monitoring of sodium balance. 

When therapy is carried out in this manner in the patient with 
accelerated or malignant hypertension and mild renal insufficiency, 
deterioration in renal function may be significantly slowed or stabilized. 
An occasional patient may even show improvement in renal function, 
which suggests that there is reversal of necrotizing renal arteriolar 
lesions. In contrast, patients with malignant hypertension, severe arterio- 
lar nephrosclerosis, and blood urea nitrogen levels of greater than 60 
mg. per 100 ml., have continued rapid deterioration in renal function 
regardless of the effectiveness of antihypertensive therapy.® This latter 
group must be distinguished from patients with primary parenchymal 
renal disease and blood urea nitrogen levels of greater than 60 mg. per 
100 ml., whose course may be one of only very slow deterioration in renal 
function if diastolic hypertension can be adequately controlled. 

With the progression of renal disease to end stage renal failure 
and the commencement of hemodialysis therapy, a new dimension is 
added to the hypertensive problem. Hypertension can usually be con- 
trolled in the majority of patients by maintaining normal body sodium 
and water by the use of dietary restrictions and low-sodium ultrafiltra- 
tion dialysis.*' On the other hand, there is a small but significant number 
of dialysis patients who never achieve good blood pressure control des- 
pite a reduction of total exchangeable sodium to normal or subnormal 
levels. It has been suggested that these two groups of patients can be 
distinguished by the presence of extremely high blood renin levels in 
the uncontrolled hypertensive group, as opposed to normal or only 
slightly elevated levels in those patients with mild hypertension.® Bi- 
lateral nephrectomy has been shown to be effective in ameliorating 
severe uncontrollable hypertension in the renal failure patient under- 
going hemodialysis.*' After bilateral nephrectomy, hypertension occurs 
only in association with expanded extracellular fluid volume and sodium 
space. Although the renin mechanism has clearly been shown to play 
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an important role in accelerated and malignant hypertension associated 
with renal failure, it is not altogether clear if additional renal mechan- 
isms may also play a role. 


HEMATOLOGIC DISORDERS 


In moderate to severe renal insufficiency there is almost invariably 
a normocytic and normochromic anemia. In general, the degree of 
anemia is proportional to the duration and degree of renal impairment, 
although there may be poor correlation with serum creatinine or blood 
urea nitrogen levels. For the most part, etiology of renal parenchymal 
disease does not affect the severity of the anemia, with the exception 
that patients with pyelonephritis may have further depression in erythro- 
poiesis secondary to infection. 

The etiology of the anemia of renal failure has now been defined as 
largely being due to bone marrow depression, partly to hemolysis, and 
occasionally to bleeding.':?? Underlying these mechanisms is both a 
failure of renal excretory function (with the accumulation of toxic fac- 
tors of uremia) and failure of renal endocrine function (with a reduction 
in erythropoietin production by the kidneys). Erythropoietin plays an im- 
portant role in facilitating the differentiation of bone marrow stem cells 
to pronormoblasts. In anephric man, in contrast to other animals, aplas- 
tic anemia does not develop. It appears that the bone marrow maintains 
a constant autonomous baseline rate of red cell production which is 
independent of erythropoietin level. In addition, anephric man may have 
a small circulating level of erythropoietin from extrarenal sources. 

In severe uremia there appears to be a shortened red blood cell 
survival time, often in association with red blood cells that become 
deformed and show the characteristic spikes, helmet cells, triangular 
cells, and burr cells. This is thought to be due to an extracorpuscular 
factor, since red cells from normal subjects when transfused into uremic 
patients show a short survival, whereas those from patients with uremia 
usually survive for a normal period in the nonazotemic subject. In the 
majority of uremic subjects, red blood cell survival time is only mildly 
impaired, red blood cell morphology is normal, and hemolysis does not 
represent a major factor in the development of anemia. The finding of 
pronounced morphologic changes in red cells and an extremely short 
red blood cell life span has been termed microangiopathic hemolytic 
anemia and has been described in the hemolytic uremic syndrome of 
children and in malignant hypertension in adults.’ 

Associated blood loss can be due to hematuria, nose bleeds, ecchy- 
moses, and gastrointestinal hemorrhage. The bleeding defect appears 
to be largely due to a qualitative defect in platelet factor III which is 
manifest by impaired prothrombin consumption and an increased bleed- 
ing time.” In addition, there is often associated vascular fragility and 
an occasional defect in factors II, VII, IX, and X.” 

The finding of erythrocytosis in contrast to anemia is an unusual 
finding in patients with renal disease. When present it is associated with 
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certain space-occupying renal lesions, such as hyperuephromas, hydro- 
nephrosis, or polycystic kidney disease.” There is an associated increased 
circulating level of erythropoietin, which is thought to be produced be- 
cause of the increased pressure on normal renal parenchyma. The find- 
ing of increased blood erythropoietin levels with associated erythrocyto- 
sis has also been observed in early rejection reactions in transplanted 
kidneys and in patients with renovascular hypertension. In both of these 
states it is believed that there is an exaggerated erythropoietin response 
to localized renal hypoxia. 

Careful consideration should be given to possible therapy for moder- 
ate to severe anemia associated with renal failure. There is no estab- 
lished level of hematocrit or hemoglobin at which transfusion of packed 
red blood cells is indicated. Generally speaking they should not be given 
to patients who are asymptomatic. It is often very difficult to decide 
whether fatigue or weakness is secondary to the azotemic state per se or 
to the degree of anemia. When in doubt, a therapeutic trial of the adminis- 
tration of one or two units of packed red blood cells is indicated. In the 
older patient with associated coronary or peripheral vascular disease, 
anemia of a lesser degree may produce symptoms of angina pectoris, 
intermittent claudication, or severe weakness. Elevation of hemoglobin 
concentrations to levels of 10 gm. per 100 ml. is usually adequate for 
relief of symptoms. Additional transfusions only serve to further depress 
bone marrow activity, introduce possible hemoagglutinins, and increase 
the risk of viral hepatitis. 

An improvement in the anemia of chronic renal failure has been 
noted in association with the administration of balanced low-protein 
diets. **?5 This would suggest that the accumulation of excessive 
protein breakdown products plays a role in depressed erythropoiesis. In 
this regard effective chronic hemodialysis has also been associated with 
improvement in anemia.' The increase in erythropoietic activity could 
be due either to extrarenal production of erythropoietin or to an improve- 
ment in autonomous bone marrow activity. Although the observations 
are still inconclusive, there is suggestive evidence of the gradual ap- 
pearance of detectable plasma erythropoietin in anephric patients who 
demonstrate gradual improvement in their anemia while on chronic 
hemodialysis. The improvement in anemia is facilitated by minimizing 
the use of transfusions and allowing the anoxia of severe anemia to 
stimulate erythropoiesis. Contrary to earlier reports, large doses of andro- 
gens have been effective in increasing plasma erythropoietin and hemo- 
globin levels in dialysis patients.*” 

With the trend toward infrequent blood transfusions, the anticipated 
problem of iron overload in chronically dialyzed patients has been 
eliminated. More frequently the problem is one of iron deficiency, which 
develops because of loss of red blood cells in the dialyzer and occasionally 
because of low-grade gastrointestinal bleeding. The presence of de- 
pleted bone marrow iron stores is reflected in decreased plasma iron and 
per cent transferrin saturation. Although iron absorption from the gastro- 
intestinal tract is thought to be unaltered in uremic patients undergoing 
hemodialysis, it has been our impression that an occasional patient will 
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not respond to oral iron but will havea brisk reticulocytosis and improve- 
ment in anemia when given parenteral iron. 

Because folic acid is freely dialyzable, folic acid deficiency and 
megaloblastic anemia have occurred in chronically dialyzed patients.*4 
It is now routine to provide these patients with a daily oral dose of 5 mg. 
of folic acid. Vitamin B,,, on the other hand, is tightly bound to plasma 
protein and is therefore not significantly dialyzable. It should be noted, 
however, that the standard Schilling test of urinary excretion of cobalt- 
60-labeled vitamin B,, gives results which fall into the pernicious ane- 
mia range in patients with renal insufficiency.*? This occurs even though 
the urinary volume is normal and clinical signs of uremia absent. Pa- 
tients with pernicious anemia can probably be distinguished from those 
with renal disease by the lack of effective extrinsic factor and continued 
excretion of cobalt-60-labeled vitamin B,, after the first 24 hours in cases 
of renal disease. 


RENAL OSTEODYSTROPHY AND OTHER DISORDERS 
OF CALCIUM METABOLISM 


With the prolongation of the lives of patients with chronic renal 
failure, renal osteodystrophy and disordered calcium metabolism have 
been observed more frequently and their clinical manifestations have 
been better defined. The problem of prevention and treatment of these 
disorders remains one of the most controversial areas in clinical neph- 
rology. Disorders of calcium metabolism along with peripheral neurop- 
athies and uncontrollable hypertension represent the main limiting 
factors to the successful rehabilitation of patients undergoing hemo- 
dialysis. 


Osteodystrophy 


The term “renal osteodystrophy” refers collectively to a group of 
skeletal diseases in patients with chronic renal failure: growth retarda- 
tion, osteomalacia, osteitis fibrosa, osteoporosis, and osteosclerosis. The 
incidence of these disorders is appreciable in patients with severe renal 
failure if one utilizes bone biopsies and abnormal bone x-ray films to 
establish a diagnosis. After a prolonged period of hemodialysis, the 
majority of patients have some manifestation of this disorder.'* *° 

In order to understand the manifestations of renal osteodystrophy 
one must consider the complex interrelations of calcium and phosphorus 
metabolism. It is apparent that early in the course of renal insufficiency 
there occurs a state of relative vitamin D resistance.” * This may be a 
consequence of both an increased destruction of the active fraction of 
the vitamin and a true resistance to the action of the vitamin or its metab- 
olites at effector sites.*: °7 The consequences of this development are (1) 
a defect in intestinal absorption of calcium, which can be overcome only 
by the ingestion of large quantities of calcium by mouth; (2) an impaired 
ability of the skeleton to respond to parathyroid hormone, leading to 
defective skeletal release of calcium in response to need; and (3) defec- 
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tive mineralization of bone and cartilage, leading to renal rickets or 
osteomalacia. The end result of vitamin D resistance is a decrease in 
serum calcium, which acts as a stimulus to secondary hyperplasia of the 
parathyroid gland. In the presence of vitamin D resistance a greater 
quantity of circulating parathormone is necessary to maintain the cal- 
cium ion concentration of body fluids at a normal level. 

An additional factor, hyperphosphatemia, tends to further lower 
serum calcium and adds to the vicious cycle of parathyroid hyperplasia, 
increasing circulating levels of parathyroid hormone, and accelerating 
osteodystrophy. Ordinarily, serum phosphorus levels do not become 
elevated in mild to moderate renal insufficiency because of the action of 
parathyroid hormone in increasing phosphate clearance.*' With further 
renal impairment to creatinine clearances below 20 ml. per min., serum 
phosphate levels begin to increase.*! The most important factor deter- 
mining the serum level of phosphorus in advanced renal failure is the 
degree of hypersecretion of parathyroid hormone, with its resultant 
liberation of calcium and phosphorus from the skeleton into the extra- 
cellular fluid.4® With the high circulating level of parathormone the 
renal clearance of phosphorus is already at a near maximal level, so that 
any further release of phosphorus into the extracellular fluid will pro- 
duce a significant increase in serum phosphorus. 

The serum phosphorus level can be further elevated by the presence 
of a small increase in phosphate intake or a shift toward protein break- 
down, such as occurs with trauma, acute starvation, or glucocorticoid or 
tetracycline administration. On the other hand, the serum phosphorus 
level can be decreased by dietary phosphate restriction or the use of ant- 
acids, which bind phosphate and prevent its gastrointestinal absorption. 
In general, for any given rise in serum phosphorus level there is an asso- 
ciated reciprocal decrease in serum calcium, although attempts to 
prove such a correlation have not invariably been successful. It has been 
suggested, but not proved, that the first manifestation of early renal 
impairment is transient hyperphosphatemia, which initiates hypocal- 
cemia and stimulates the parathyroid gland to increase parathyroid 
hormone serum concentrations; this in turn increases phosphate clear- 
ance and corrects the original prime-moving hyperphosphatemia.”” 

Although varying degrees of hypocalcemia are usually seen in pa- 
tients with renal failure, the appearance of secondary hyperparathyroid- 
ism may be associated with normal or even elevated serum calcium 
levels. The most common cause of hypercalcemia in the presence of 
secondary hyperparathyroidism is superimposed hypophosphatemia 
induced by dialysis or antacid therapy. True autonomous hypercalcemia 
in this setting is a rare event secondary to adenomatous change.’ 


Diagnosis of Overt Secondary Hyperparathyroidism 


Clinical evidence of secondary hyperparathyroidism, once thought 
to be an unusual manifestation, is being seen with increasing frequency 
with the prolongation of life by means of conservative therapy and the 
use of hemodialysis. Table 3 lists clinical and laboratory aids which can 
be used in establishing this diagnosis. X-ray signs of secondary hyper- 
parathyroidism include subperiosteal absorption of the small bones of 
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the hands and feet, the distal end of the ulna, and the medial margin of 
the upper end of the tibia, as well as erosion of the lateral ends of the 
clavicles and mottling of the skull. The type and severity of bone disease 
in renal failure may vary considerably from one patient to another. 


Table 3. Manifestations of Secondary Hyperparathyroidism in 
Renal Failure 


Bone 
X-ray evidence of osteitis or subperiosteal bone resorption 
Elevated alkaline phosphatase 
Bone pain (uncommon) 


Extraosseous 
Increased calcium content of skin 
Pruritus and restless leg syndrome unresponsive to adequate dialysis 
Soft tissue calcification 


Chemical 

Normocalcemia and occasional spontaneous hypercalcemia 

Hypercalcemia following phosphate restriction or depletion 

Postdialysis serum-diffusible or ionized calcium which exceeds the calcium 
dialysate concentration 

Hyperphosphatemia which responds poorly to phosphate restriction or hemodialysis 

Hypophosphatemia and reduced resorption of phosphate (TRP) following 
successful renal transplantation 


Among the more important determinants of this variation in bone 
disease are the duration and severity of renal failure, the type of renal 
disease,* differences in dietary habits, the use of antacids, the age of the 
patient at the onset of renal failure, and the degree of immobilization. In 
addition, if the patient is undergoing chronic hemodialysis, the recurrent 
changes in blood phosphorus, calcium, bicarbonate, and pH may pre- 
dispose to soft tissue calcification or changes in calcium balance. The 
necessary use of heparin in dialysis may be a factor promoting further 
demineralization of bone.*” 

The precipitation of calcium salt represents a potentially dangerous 
complication of secondary hyperparathyroidism. The factors that pre- 
dispose to soft tissue calcification, with or without associated uremia, are 
an elevated calcium-phosphorus ion product above 75, hypercalcemia, 
local tissue trauma, and a local increase in pH.** Six patterns of soft 
tissue calcification have been observed clinically. (1) Cutaneous calci- 
fication may be detected only by the finding of increased calcium content 
of the skin or occasionally by the presence of small macules or papules. 
The clinical syndrome of intensive pruritus, unresponsive to adequate 
dialysis, is associated with metastatic skin calcium deposition and 
normal to increased serum calcium levels. This symptom disappears 
dramatically following subtotal parathyroidectomy.” (2) Vascular cal- 
cification involves the media of large and medium sized arteries. Occa- 
sionally calcium deposition can become so severe that arterial insuffi- 
ciency develops along with clinical signs of ischemia.” (3) Conjunctival 
and corneal calcium deposits may produce visible inflammation and 


*Renal disease that is associated with early, severe metabolic acidosis and salt wasting 
predisposes to negative calcium balance. 
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irritation in the eye, referred to as the so-called “red eye syndrome” of 
uremia.? More commonly the calcium deposits occur without symptoms 
in the limbus area within the cornea. (4) Visceral calcification may 
involve the kidneys, lungs, or myocardium, and is usually evident only 
at post-mortem examination. (5) Periarticular calcifications affect the 
joint capsules, bursi, or tendons, and (6) tumoral calcifications usually 
form painless masses of encapsulated chalky fluid or paste-like material 
in the subcutaneous tissue. 

The chemical manifestations of secondary hyperparathyroidism, 
listed in Table 3, consist largely of the normocalcemia (occasionally 
hypercalcemia) and hyperphosphatemia which do not respond to the 
usual procedures which lower blood calcium and blood phosphorus.” 


Therapy 


The general objectives of therapy are straightforward in principle 
but extremely difficult to achieve in practice. They are (1) the main- 
tenance of a normal blood calcium and phosphorus, (2) suppression of 
hyperactivity of the parathyroid glands, (3) the preservation or restora- 
tion of the skeleton to a normal state, and (4) the prevention and correc- 
tion of soft tissue calcification. 

In early renal failure, prior to dialysis therapy, hyperphosphatemia 
should be avoided by the use of reduced dietary intake of phosphorus 
and the use of aluminum hydroxide binding antacids. One should avoid 
overtreatment, which may result in the recently described syndrome 
of phosphate depletion, consisting of severe weakness, anorexia, and 
nausea.‘! In the presence of significant hypocalcemia (usually values of 
less than 7.5 mg. per 100 ml.), gastrointestinal calcium absorption can 
be increased by the administration of small amounts of calcium carbo- 
nate antacids.** Serum calcium should be monitored to avoid over- 
treatment and the production of dangerous hypercalcemia. Finally, if 
severe hypocalcemia persists or there is evidence of osteomalacia on 
x-ray, vitamin D can be administered in large doses varying from 25,000 
to 400,000 units daily to overcome vitamin D resistance.*® Again, close 
monitoring of serum calcium is extremely important to avoid over- 
treatment, which results in hypercalcemia. Small doses of vitamin D 
should be used initially and the dose gradually increased until the de- 
sired rise in serum calcium is achieved. 

In the patient with advanced renal failure who is on hemodialysis, 
the problems of calcium metabolism are usually more severe and diffi- 
cult to control. Whenever possible the calcium concentration in the 
dialysate should be regulated to prevent either a rise or fall in serum cal- 
cium. Most commonly, this is achieved by a serum calcium concentra- 
tion of 6 mg. per 100 ml." In the presence of severe hyperphosphatemia, 
phosphate restriction and antacid therapy should be utilized; however, 
this treatment is frequently unsuccessful in significantly decreasing 
serum phosphate levels. 

The indications for subtotal parathyroidectomy vary considerably 
from one dialysis center to another. The following are the indications 
currently used at the Cedars-Sinai dialysis center: (1) Persistent hyper- 
calcemia and hyperphosphatemia not controlled by conservative meas- 


UREMIA: NEWER CONCEPTS IN PATHOGENESIS AND TREATMENT 425 


ures; (2) osteitis on x-ray; and (3) intractable pruritus unresponsive to 
dialysis therapy. Almost invariably after subtotal parathyroidectomy 
(removal of three and two thirds glands) these patients have a prompt 
fall in both serum calcium and phosphate, disappearance of pruritus, 
and a slow but significant improvement in x-ray changes of osteodys- 
trophy.*® 


DIETARY TREATMENT IN UREMIA 


Dietary protein restriction has long been advocated in the manage- 
ment of renal insufficiency although remaining a subject of controversy. 
On the basis of recent advances made in this field, it appears that the 
inconclusive results from earlier protein-restricted diets most likely 
resulted from insufficient daily intake of essential amino acids or calories 
or both. 

Renewed interest in low-protein diets in the treatment of uremia has 
been largely due to unequivocal evidence that urea may be utilized in 
the synthesis of nonessential amino acids in both normal and uremic 
subjects.*° This process appears to vary inversely with the protein or 
nitrogen intake, and directly with the level of the blood urea and urea 
pool. It also depends upon the ingestion of the minimal daily requirement 
of essential amino acids and adequate caloric intake to exert a maximal 
protein-sparing effect. The crucial question, therefore, is what is the 
minimal protein intake consistent with a palatable diet and positive or 
minimal negative nitrogen balance? The clinical solution has been to 
use diets containing 20 to 40 gm. of protein (0.25 to 0.5 gm. per kg. per 
day), the majority of which is supplied by protein of high biological 
value (eggs, milk, and lean meat), rich in essential amino acids.* ?* 78 
Vegetable and grain proteins, which are high in nonessential amino 
acids, are limited in their use. In order to supply sufficient calories (35 
to 50 calories per kg. per day), low-protein wheat starch products made 
from deglutenized wheat grain are liberally used (Table 4). 

The biochemical and clinical improvements noted with this diet are 
often striking. In patients with glomerular filtration rates of greater than 
2 ml. per min., blood urea nitrogen may decrease by as much as 50 to 70 
per cent of pretreatment levels, with associated clinical improvements 
in many aspects of the uremic syndrome.*:?*: ?* Most notable is the ame- 
lioration of anorexia, nausea, vomiting, weakness, and pruritus, and a 
marked improvement in appetite and general sense of well-being. There 
is often an associated decrease in anemia. If the diet cannot be ingested 
initially because of nausea and vomiting, a preliminary period of dialysis 
may be necessary before beginning dietary treatment. Because of the 
difficulty in adhering to this diet, it should not be used until renal func- 
tion has reached the stage of symptomatic uremia. When creatinine 
clearance is greater than 10 ml. per min., a 40 gm. low-protein diet is 
usually satisfactory. With further reduction in creatinine clearance and 
associated increases in serum urea nitrogen levels to 100 mg. per 100 ml. 
or higher, more severe reductions in protein intake may be necessary 
and desirable to relieve uremic symptoms. Dietary treatment appears to 
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Table 4. Sample Daily Menu 


ee 


PROTEIN Na K 
CAL, grams mg. mg. 
Breakfast 
aS Meee Yo cup 91 0.2 2 65 
Wheatstarch pancakes (2) 337 0.8 80 37 
1 tsp. butter 45 0.07 123 3 
2 tsp. jelly 88 - 6 22 
Lunch 
1 slice special bread with 128 0.3 18 4 
1 pat butter 45 0.07 OAS) Ss 
Caesar salad 
V4 head lettuce 14 0.6 6 160 
2 radishes ut 0:25 4 80 
2 cucumber if 0.3 3 80 
1 tomato 11 0.6 1:5 122 
1 hard cooked egg 81 6.3 60 43 
Dressing 
1 tbsp. oil Hai — — — 
1 tsp. vinegar 10 _ _ _ 
Cake, iced 527 13} 22 97 
7-Up, 8 oz. 120 — 2 _ 
Dinner 
Veal roast, 1 o0z., salt free 63 6.3 20 128 
1/2 cup fresh carrots 31 0.9 33 BO) 
4 cup fresh green beans 1192 0.6 2 Ass 
VY. cup fruit cocktail 76 0.4 5 161 
Lettuce wedge, 100 gm. (?/4 head) 14 0.6 6 160 
with lemon wedge 1 0.02 0.01 5 
Pineapple juice, 4 oz. 55 0.4 1 75 
Evening Snack 
Ginger ale, 8 oz. 120 6) 19 1 
Special muffin ites: 0.3 90 7 
2 tsp. butter 90 0.14 246 6 
ToTaLs 2,236 DOW 883 1,556 


be ineffective in patients with creatinine clearances of less than 2 ml. per 
min. 

Certain striking alterations in fluid and electrolyte metabolism have 
been described in patients on low-protein diets. Although the diet is of an 
alkaline ash composition and usually contains between 40 and 50 mEq. 
of potassium per day, severe metabolic acidosis and hyperkalemia has 
been observed in a significant number of patients. ?3-28 This results 
largely from a decrease in renal clearance of titratable acidity and potas- 
sium and may be directly related to the decreased excretion of phos- 
phates and sulfates, which obligate a fixed amount of hydrogen and 
potassium secretion in the distal tubules. 

We have minimized the production of metabolic acidosis by supple- 
menting the diet with approximately 5 gm. of calcium carbonate in the 
form of the antacid Titralac.”*-44 The administration of calcium carbo- 
nate also serves to correct hypocalcemia and to lower serum phosphate. 
This probably occurs because the “mass action-like” effect of presenting 
large quantities of calcium overcomes the decreased absorption of cal- 
cium from the gut of uremic patients. Hyperkalemia is usually of a mild 
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degree and can readily be controlled by further potassium restriction in 
the diet. When severe hyperkalemia develops it may be necessary to 
treat the patient with cation exchange resins. In this country only the 
sodium exchange resins are presently available. In Europe cation ex- 
change resins in the calcium and aluminum cycle have been used suc- 
cessfully to treat hyperkalemia; they appear to be superior to the sodium 
exchange resins, which frequently contribute to a positive sodium 
balance and result in edema and congestive heart failure.® " 

In this respect, the majority of patients on the low protein diet with 
creatinine clearance below 5 ml. per min. will show impaired tolerance 
for sodium excretion. This may be in part because of a lowered urea 
excretion (osmotic load) which results from lowered protein intake. 
When fluid retention and edema occur, further restriction in sodium and 
fluid intake is usually sufficient to control this problem. Patients are 
also administered multivitamins to supplement the diets, which are 
deficient in B-complex vitamins. Supplementary iron therapy may be 
necessary in menstruating women, because the low-protein diet is also 
deficient in iron. 

There are several potential problems and drawbacks to strict dietary 
protein restriction. Cultural eating patterns determine to a large degree 
what a person can and will eat. In our experience using this diet in an 
American population there was a 22 per cent incidence of inability to 
follow the strict regimen.”* This was due largely to the unpalatable wheat 
starch products, which at present are necessary to provide sufficient 
caloric intake. In addition, the American diet consists of a higher pro- 
portion of proteins in the form of meat and dairy products as compared 
to the diet of the average European. Restriction of animal protein, there- 
fore, is not easily tolerated by the average American. Success in adhering 
to the diet depends on careful selection of intelligent, well motivated 
patients and on intensive dietary indoctrination and careful follow-up 
care by an interested physician who is knowledgeable in the treatment of 
renal disease and in the specific complications unique to the low-protein 
diet. At the present time there still is a great need to improve palatability 
and reduce the monotony of this dietary treatment. Other sources of 
high-calorie, low-protein foods need to be explored, and a low cost for 
these products is essential. 

Because rigid dietary control is effective only within a narrow range 
of creatinine clearance, its usefulness is greatly limited if renal function 
does not remain stable. In our experience, factors which tended to cor- 
relate with the rapid deterioration in renal function and hence a short 
remission of uremic symptoms during dietary treatment were (1) the 
presence of uncontrollable hypertension, (2) active pyelonephritis with 
or without clinical symptoms, and (3) active glomerulonephritis with 
heavy proteinuria and urinary sediments.” It has not yet been estab- 
lished if the use of this diet adds significantly to longevity. The exper- 
ience with most groups using this treatment is that terminal uremia is 
delayed by several months, and thus this treatment serves as a stop-gap 
measure while the patient is being considered for long-term dialysis or 
renal transplantation. 
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The long-term effects of protein restriction in the uremic patient 
have not yet been established. It must be kept in mind that protein- 
calorie malnutrition and the uremic state, which may or may not coexist, 
frequently produce a variety of common changes in body composition: 
for example, a decrease in total body solids, a decrease in total body 
potassium and magnesium, an increase in extracellular fluid volume, 
and a decrease in serum albumin and in plasma transferrin. Adherents 
of the low-protein diet imply that adequate protein balance has been 
achieved because of the constancy of serum albumin in patients who are 
maintaining constant weight and a sense of well-being. **** It is as yet 
unclear whether patients on this diet will have a decreased tolerance to 
surgery or infection or a tendency toward developing peripheral neurop- 
athy or renal osteodystrophy. Because of these potential devastating com- 
plications it is the responsibility of the supervising physician to observe 
these patients closely. If maintenance dialysis or transplantation are to 
be used, they should be instituted before the patient becomes debilitated 
or develops uremic complications. 


SUMMARY 


With the advent of hemodialysis and transplantation the therapeutic 
objectives of today are quite different from those of several years ago. 
In the past, physicians treating patients with chronic renal disease were 
concerned primarily with making the patient comfortable and asympto- 
matic for as long as possible until he eventually died of uremia. With the 
conservative control of salt and water balance, treatment of congestive 
heart failure and hypertension, and the use of low-protein diets, uremic 
patients are now living longer. The formerly unusual complications of 
uremic pericarditis with effusion, uremic polyneuropathy, renal osteo- 
dystrophy, and metastatic calcification are being seen much more com- 
monly and contribute significantly to debilitation. Conservative therapy, 
therefore, should be replaced by chronic hemodialysis or transplantation 
prior to the development of these complications. 
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Gout 


JOHN H. TALBOTT, M.D.* 


Since my previous report in the Medical Clinics for 1965, two 
significant observations have been made among many contributions to 
our understanding and treatment of gout and gouty arthritis: (1) with 
enhanced understanding of the ingenious vagaries of intermediary 
purine metabolism, selected specific findings are applicable to at least a 
portion of the gout population; (2) the development and clinical trial of 
allopurinol (Zyloprim), a new therapeutic agent approved for general 
dispensing. In order to provide a useful clinical discussion, reference will 
also be made to selected features of the malady that bear repetition or 
elaboration. Since a comprehensive description of the disease has ap- 
peared recently in a revised monograph, the reader is referred to this 
treatise for any obvious voids in this presentation.” 


INCIDENCE 


An apparent increase in the incidence of familial gout and a real 
increase in nonfamilial gout is well documented. Although gout has 
long since been rescued from the category of ‘‘forgotten diseases” and 
each period of time finds more and more physicians aware of the prob- 
ability of the disease appearing in his practice, an unexplained phe- 
nomenon remains in the thinking of many physicians. Gout and the 
clinical manifestations of gouty arthritis are no more nor no less specific 
features of one of the several forms of joint disease; yet I have observed 
that physicians frequently place gout apart in a somewhat different cate- 
gory from those diseases that hold parity in practice. The goal will not 
have been achieved until this fallacy is appreciated. Gouty arthritis 
appears often enough to justify its being considered in the differential 
diagnosis in most examples of joint disease in the male. This step should 
be followed by applying specific criteria for diagnosis and if satisfied, 
recommending specific agents that are now available for management. 
Most important should be the realization that gouty arthritis is probably 
easier to diagnose and surely much more gratifying to treat than most 
any other minor or major malady in this discipline. 


*Formerly Director, Division of Scientific Publications, and Editor, The Journal of the Ameri- 
can Medical Association, Chicago, Illinois 
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IATROGENIC GOUT 


With the widespread use of thiazides as diuretic agents administered 
either with or without hypertensive drugs, an increasing number of 
cases of acute gout are appearing. It is believed that the majority of the 
patients suffering clinical gout initiated by the prolonged ingestion of 
thiazides, have developed the malady de novo without a latent predis- 
position. The articular symptoms did not appear as an overt manifesta- 
tion of familial malady waiting to be triggered by a hyperuricemic agent. 
The development of iatrogenic gout under such a circumstance should 
complicate but little the management of the basic nongouty malady for 
which the thiazide was recommended. Patients suffering from thiazide 
gout respond well to antigout agents. If there is a clear indication for 
the use of the thiazide, the diuretic should be continued without inter- 
ruption, together with modest doses of antigout drugs. Usually articular 
symptoms develop after the patient has received the thiazide compound 
for several months. The development of hyperuricemia is a side-effect 
only from alteration of the renal transport of uric acid and is not spe- 
cifically related to the diuretic action. As more organic compounds are 
introduced into clinical medicine, hyperuricemia as a side-effect may be 
anticipated in additional instances but should not be feared. 


ETIOLOGY AND PATHOGENESIS 


Although most of the evidence in the explanation of the development 
of hyperuricemia in familial gout points toward a defect in intermediary 
purine metabolism, the kidney has not been absolved completely. The 
current view of the transport of urate by the kidney includes complete 
filtration of urates through the glomerulus and essentially total reabsorp- 
tion by the renal tubule, with tubular secretion accounting for most 
or all of the uric acid in bladder urine.® Although no sound body of 
evidence points toward a defect in renal transport of urate in familial 
gout, a recent study of a number of patients with saturnine (lead) gout, 
secondary to prolonged consumption of moonshine contaminated with 
the heavy metal, implicates a defect in tubular secretion of uric acid to 
account for this unusual type of gout.” 

In allocating responsibility for degradation or disposal of uric acid 
in the human, it is generally agreed that as much as one third of the uric 
acid in daily metabolic exchange is broken down into ammonia, carbon 
dioxide, or other uricolytic end-products by the bacterial flora in the 
gastrointestinal tract. This path assumes even greater significance in 
well-developed renal insufficiency. There is no evidence of significant 
uricolysis elsewhere in human tissues. 

Our present knowledge of the origin and disposition of uric acid in 
humans, as well as in animals, has been advanced by investigators in a 
number of laboratories who have exploited highly sophisticated isotope 
and microbiologic techniques, which can be best explained and be 
thoroughly understood by the basic scientist. Little purpose would be 


Gour 433 


served in detailing the findings, even if it were possible, in this clinical 
presentation. If the information is sought original or review sources 
should be consulted.*:!”7 Uric acid serves no biochemical function in the 
body other than an end-product of purine metabolism. The purine bases, 
adenine and guanine, however, which give rise to uric acid, play impor- 
tant parts in a number of biochemical processes. They serve as two of 
the four basic structural elements of the genetic code in deoxyribonu- 
cleic acid as well as in other functions in protein synthesis. In combina- 
tion with other biologic substances, they participate in energy-yielding 
enzymatic reactions, and in this cellular function nature requires a con- 
tinuous supply provided by synthetic processes. 

The employment of isotope and microbiologic techniques in the 
study of purine metabolism, which led to the demonstration of a more 
direct pathway from the uric acid precursors to uric acid, was found 
applicable in a small number of gout patients only. However, these tech- 
niques continue to yield fruitful information, as evidenced by recent 
work which shows that among gout patients there may be several types 
of biochemical and intracellular abnormalities that result in hyperuri- 
cemia, while only within a given family afflicted with “familial gout” is 
a single metabolic defect responsible for hyperuricemia.’ 

The recent studies were based upon the metabolic abnormalities 
associated with the neurological syndrome linked to the x-chromosome 
and characterized by choreoathetosis, spasticity, mental retardation, and 
compulsive self-mutilation described by Lesch and Nyhan.’ It was found 
that a virtually complete deficiency of an enzyme of purine metabolism, 
hypoxanthine-guanine-phosphoribosyltransferase, results in excessive 
production of uric acid and in hyperuricemia.’ Critical to our under- 
standing of familial gout is not the observation that the patients severely 
afflicted with the Lesch-Nyhan syndrome have a complete deficiency of 
the enzyme, but that some patients with familial gout show a partial 
enzyme deficiency, relatively mild neurological disorders, and bone mar- 
row abnormalities, stigmas of the advanced metabolic disorder. This 
finding illustrates another of the diverse basic effects that may be re- 
sponsible for the hyperuricemia as well as provides additional informa- 
tion in disclosing the diverse pathogenic backgrounds. The neurological 
findings in this group of gouty patients classified as “spinocerebellar 
with normal psychological reactions when tested,” stand in contrast to 
the several reports in recent years of higher than normal intellectual 
motivation and performance of patients with gout, as well as individuals 
with hyperuricemia in the absence of clinical symptoms of gout, as will 
be discussed later. 

Although a few patients with severe renal impairment associated 
with chronic glomerular nephritis may have hyperuricemia and sub- 
sequently develop articular symptoms, in my experience this is almost a 
unique pathogenesis. In the majority of patients suffering from gout and 
kidney disease, the kidney disease is secondary to the hyperuricemia 
from aberrant disposition of uric acid crystals in the renal parenchyma 
and the consequent degenerative processes. This should be interpreted 
as gouty nephropathy, rather than renal gout. 
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Other causes of hyperuricemia, in addition to thiazides and lead 
intoxication which have been noted above, include blood dyscrasias in a 
significant group of patients. Because of long-standing or massively 
increased metabolism of nucleoproteins of short duration, these patients 
frequently develop clinical gout. Polycythemia vera, secondary poly- 
cythemia from underlying cardiac or pulmonary insufficiency, the 
leukemias, myeloid metaplasia, Mediterranean hemopathic syndromes, 
and sickle cell anemia have been associated with clinical gouty arthritis. 
Hyperuricemia associated with psoriasis, related also to a more rapid 
turnover of nucleic acids, should be included. And, finally a defect in 
carbohydrate metabolism (type 1 glycogen storage disease) may give 
rise to secondary gouty arthritis. The primary defect in carbohydrate 
metabolism leads to a marked lacticacidemia and ketonemia, which, 
together with an increased protein synthesis, causes a retention of uric 
acid. 

For more than a decade a resurgence of interest in superior intel- 
lectual activities associated with gout has prompted a detailed examina- 
tion of related attributes in hyperuricemic individuals. Among male 
high school students, Kasl, Brooks, and Cobb at the University of 
Michigan® related serum uric acid concentrations to achievement- 
oriented behavior. Although the highest serum uric acid concentrations 
were found in those who attempted college but dropped out, within this 
group, those who attended college for longer periods of time had the 
higher values. A related study! was carried out in a group of Edinburgh 
business executives. “Drive” and “range of activities” showed a signifi- 
cant positive correlation with plasma uric acid concentrations. The study 
also confirmed what had been suggested by many as probable—that no 
positive correlation between usual dietary intake and uric acid concen- 
trations exists in the group. 

The relationship of serum uric acid and gout to coronary heart 
disease has never been close, according to my clinical experience. On 
the contrary, some have suggested that an excess of hyperuricemia 
among patients with coronary heart disease and the association of 
hyperuricemia with manifestations of atherosclerosis appears con- 
vincing. One phase of this consideration was identified more than a 
century ago by the introduction of the term retrocedent gout, the urate 
deposits having somehow left the joints and migrated to the heart. A 
recent report from another group at the University of Michigan School of 
Medicine concluded from an epidemiological study that serum uric acid 
concentrations of patients with coronary heart disease were not signifi- 
cantly different from the means of the population studied and hence 
could not be considered an attribute associated with the disease.'!? No 
evident relationship between uric acid and serum cholesterol or blood 
sugar, each of which has been regarded as risk factors for coronary heart 
disease, was noted. In an unrelated study, a higher incidence of coronary 
heart disease in gouty subjects was observed, but the association be- 
tween the risk of coronary heart disease in hyperuricemia disappeared 
when those with clinically overt gout were excluded. 
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Several clinicians have noted an association between obesity and 
gout as an integral part of the triad completed with the inclusion of 
diabetes mellitus. Even when overt diabetes mellitus is not present, 
there is some preponderance of obese persons in some gouty populations. 
The most recent studies have found no correlation between diabetes and 
hyperuricemia or gouty arthritis. 


NEPHROLITHIASIS 


Urate stones remain an intimate feature of clinical gout; they may 
be observed with idiopathic hyperuricemia and may develop in persons 
with a normal concentration of serum uric acid. Since the solubility of 
uric acid in body fluid is low and particularly so in an acid urine, and in 
view of the quantity of this substance excreted in the urine daily in gouty 
as well as nongouty patients, it is surprising that the incidence of urate 
stones is not markedly higher in the general population. In the genesis 
of the explanation there is no accounting for the formation of a nidus 
and the subsequent development of a stone when the propitious factors 
for stone formation, especially the supersaturation of the urine and an 
acid pH, exist in all patients with gout.® 

Small aggregates of brownish red crystals appear in the urine as 
sand or gravel in many patients with gout, while from 15 to 20 per cent 
of patients pass one or more stones of sufficient size to produce clinical 
symptoms in the natural history of their disease. The incidence is con- 
siderably higher in gout associated with a blood dyscrasia. In some in- 
stances massive aggregates of uric acid crystals clog the ureters and 
produce acute renal insufficiency. In a small number of patients with 
gout, large uric acid stones develop in the renal pelvis, sometimes the 
size of a staghorn calcium calculus. Usually gout stones are radiolucent 
and of mixed composition, containing free uric acid, oxalates, and 
phosphates, and are associated with urinary tract infection. In some 
cases the stones contain a sufficient quantity of calcium salts to cast a 
shadow.” Uric acid stones may be associated also with other inborn 
errors of metabolism, as Lesch-Nyhan syndrome and glycogen storage 
disease; uric acid stones may develop either with or without hyperuri- 
cemia and without a recognized cause. 

The only recent addition to the medical management of urate stones 
has been the introduction of allopurinol. It has long been appreciated 
that an augmented fluid intake and subsequent urine output, control of 
urinary tract infection, and the use of alkalizing agents are useful aids 
in control. Fluid intake should be maintained so that a minimum of 2 
liters of urine will be passed each 24 hours; tap water usually is the best 
fluid, but fruit juices which contribute to the alkalization of urine have 
merit. Antibiotics have moderate success in control of infection. 
Alkalization has been difficult to maintain over a long term in our 
experience, but it should be attempted, especially in the chronic stone 
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formers. Avoidance of high-purine foods plays a minor part in inhibiting 
the formation of urate stones. 

The introduction of allopurinol into the antigout regimen has been 
particularly helpful in the control of the persistent stone former. This 
drug was introduced in 1963 by Rundles™ for the management of 
hyperuricemia of leukemic patients. Its use has rapidly spread to gout 
patients who are difficult to control and to others who will be discussed 
under Treatment. 


PATHOGENESIS OF THE ACUTE ATTACK 


More than a century ago Garrod considered the acute attack to be 
intimately related to an inflammatory reaction associated with precipita- 
tion of uric acid crystals into soft and hard tissues from the synovial fluid. 
One of the reasons for rejecting this explanation personally has been the 
observation that joints lightly or heavily encrusted with deposits of 
sodium urate may remain quiescent for years or decades. If the presence 
of sodium urate crystals is associated with acute articular symptoms it 
would seem reasonable to believe that once the tophus develops in a 
joint, intermittent or persistent local distress might be anticipated unless 
antigout drugs were ingested regularly. We know that this experience 
has not been validated, irrespective of the administration of prophylactic 
agents. We firmly believe from our observations of joints opened at 
surgery or examined post mortem, that hyperuricemia and urate in- 
filtration of joint structure precedes acute articular symptoms. 

Supporting evidence has been provided by McCarty and others from 
biopsy of knee joints.’ Furthermore, McCarty,'! Seegmiller,!® and others 
have clearly demonstrated that a suspension of monosodium urate mono- 
hydrate is capable of producing an inflammatory reaction in gouty and 
nongouty subjects at the site of subcutaneous injection. Intra-articular 
injection in similar subjects has produced warmth, swelling and pain 
but with considerable variation.'® In some patients the response appeared 
to be indistinguishable from a spontaneous attack of acute gouty ar- 
thritis, and symptoms were relieved promptly by colchicine. According 
to the investigators, the inflammatory reaction was thought to be more 
closely related to the size and shape of the microcrystals than to a 
chemical reaction of the sodium urate molecules. Experimental injection 
was also associated with phagocytosis by synovial leukocytes of the 
foreign crystals. 

Seegmiller and Howell postulate a secondary effect associated in an 
increase in hydrogen ion concentration.'®> The theory postulates that the 
increased lactic acid production provides pH gradient between plasma 
and tissue. The deposition of sodium urate would then be related to the 
decreased solubility of sodium urate in a more acid medium. Continuing 
the argument, the pharmacologic action of colchicine is related to the 
inhibition of phagocytosis, and the anti-inflammatory action of steroids 
or ACTH would explain the symptomatic relief. 
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Since a lack of appreciation of the help provided by the several 
diagnostic criteria persists, the criteria bear repetition with elaborations 
where indicated. Gout should be considered always in a case of unex- 
plained acute arthritis in an adult male. Diagnosis is self-evident in the 
chronic tophaceous stage, but if identification of the malady has been 
delayed until this phase of the disease has been reached, the patient will 
have been denied specific treatment for years. Such a circumstance 
represents a failure for the physician and unnecessary distress to the 
patient. 

With the increasing incidence of iatrogenic gout, it should not be 
difficult to reach a prompt diagnosis of the articular distress in a patient 
already under treatment with thiazide for a nongouty condition. If this is 
accomplished the disturbing side-effect of the thiazide may be promptly 
handled and the clinical course of the patient will not be further com- 
promised. Since iatrogenic gout usually is not associated with any of the 
ancillary features described below for familial gout, a diagnosis must 
be suspected without their presence. There are three ancillary features 
for familial gout. A family history of gout is helpful in identifying the 
probable diagnosis; a urate calculus may precede the initial attack of 
gout; and albuminuria and hypertension may be antecedents, just as 
each is frequently observed in the natural course of the disease. 

Either in primary or secondary gout, the clinical characteristics of 
the acute attack have been the most helpful criteria in my experience. 
The sudden onset of severe pain in one or more of the peripheral joints 
in a previously healthy male should suggest gout. Ina moderate or severe 
attack, the cardinal signs of inflammation with pyrexia and leukocytosis 
may be observed. The next most critical criterion is the response toa full 
course of colchicine, as discussed under Treatment. Colchicine is 
specific for acute gouty arthritis and has little or no effect upon other 
forms of acute or chronic joint distress except for the arthritis associated 
with sarcoidosis. Since salicylates, corticosteroids, phenylbutazone, and 
indomethacin are nonspecific antirheumatic agents, they are less useful 
as a combined diagnostic guide and therapeutic drug. It should be 
stressed, however, that if colchicine is prescribed either for help in 
diagnosis or treatment, full therapeutic amounts must be given. Inade- 
quate quantities of colchicine may provide little symptomatic relief and 
may therefore give a misleading diagnostic answer. 

The concentration of serum uric acid is another valuable aid. There 
is ample evidence to support the statement that the concentration of 
uric acid is elevated in the serum of patients with gout. The elevation 
precedes the acute attack, persists during acute symptoms, and is present 
in the intercritical period, except during the administration of uricosuric 
agents. Unfortunately, the determination presents certain technical 
difficulties in some biochemical laboratories. The determination should 
be carried out on serum or plasma, not on whole blood. Either the 
colorimetric or the spectrophotometric method may be used. Most per- 
sons with a normal uric acid metabolism show a serum uric acid level 


438 Joun H. TAaLBorr 


less than 5.0 or 5.5 mg. per 100 ml., in contrast to most gouty patients 
whose levels are usually higher than 6.5 to 7.0 mg. per 100 ml. The 
spectrophotometric method gives values 0.5 to 1.0 mg. higher than the 
colorimetric method. Each biochemical laboratory should determine its 
normal and gouty range and with an equivocal result the determination 
should be repeated one or more times. In the final analysis, the serum 
uric acid level should be used as a helpful diagnostic tool to confirm but 
not to make an atypical diagnosis if the more reliable criteria point to a 
contrary conclusion. 

The presence of tophi and roentgenographic evidence of urate de- 
posits in the bone are relatively late manifestations and are not seen in 
the early stages of the disease. The identification of urate crystals in the 
synovial fluid by polarized light can be rapidly and readily performed 
under the ordinary light microscope to which has been added polarizing 
filters as described by McCarty and Hollander.'’? Crystals are not present 
in nongouty fluids even though the blood may show hyperuricemia. In 
the author’s experience this is a useful tool to hold in reserve; it is not 
necessary to perform it routinely especially when the other tests strongly 
favor gout. 


TREATMENT 


Because of the increasing recognition of the incidence of idiopathic 
hyperuricemia, the management of this aberration merits attention. 
There is no unanimity of opinion among rheumatologists for or against 
the administration of uricosuric agents in unexplained hyperuricemia, 
and theoretical considerations are not particularly helpful when one is 
confronted with a specific example. It has not been my practice to 
administer any hyperuricemic agent if the serum uric acid is less than 
9.0 or 10.0 mg. per 100 ml. If confirmed values are in excess of this 
range, adequate studies should be carried out to exclude an underlying 
blood dyscrasia, and detailed inquiry should be made as to the presence 
of tophaceous gout in other members of the family. If these can be 
satisfied in the negative the possible prevention of kidney involvement 
would justify theoretically a uricosuric agent. 

The possible prevention of joint involvement in prearticular hyper- 
uricemia is a less pertinent aspect, since treatment may be started 
immediately following the first attack of articular gout. Thus, it seems 
quite unnecessary to anticipate such a development when in fact it may 
never develop or may be delayed for decades. It is advisable to recom- 
mend an augmented fluid intake and urine output for all patients with 
hyperuricemia, a habit that should be easily established and should be 
continued throughout life or until some complicating factor appears 


which would contraindicate the recommendation for supplementary 
fluids. 


Acute Gouty Arthritis 


Colchicine, phenylbutazone (Butazolidin), indomethacin (Indocin) 
and adrenocorticotropic hormone, in this order of preference, usually 
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given singly and not in combination, are useful drugs in the management 
of the acute stage. At the time of the first suspected attack, when the 
diagnosis is not clear, colchicine is the drug of choice. It should be 
started at the earliest possible time and given 1.0 mg. every 2 hours until 
the onset of gastrointestinal distress. This side-effect usually appears 
after 8 to 12 hours with the administration of 4.0 to 6.0 mg. of colchicine. 
Significant relief should be apparent with this dose schedule not later 
than 18 to 24 hours. Most symptoms should respond within 48 hours. 
At the onset of gastrointestinal distress and cessation of the drug, a 
gastric sedative such as tincture of camphorated opium, 5.0 ml. every 
2 or 3 hours, should be administered until the gastrointestinal tract has 
quieted down. 

If a diagnosis of gout has been previously confirmed and an acute 
attack develops either without a recognized precipitating factor or 
because of lapse of medication recommended for the intercritical period, 
or for some other reason, phenylbutazone, 600 to 800 mg. during the 
initial 12 hours and similar quantities during the second or third day may 
be substituted for a full course of colchicine. Neither phenylbutazone 
nor indomethacin, 50 mg. three times a day for 2 or 3 days, is associated 
with any gastrointestinal symptoms. In a prolonged untreated attack of 
polyarthritis or in a patient whose condition precludes oral medication, 
ACTH-gel may be indicated. If ACTH-gel is prescribed, 60 to 100 mg. 
should be administered intramuscularly and repeated each day for 2 
or 3 days only. Intravenous colchicine, 1.0 mg. every 2 or 3 hours for 
three or four doses, also is of value in special situations, particularly 
when oral medication is contraindicated. 


Intercritical or Prophylactic Period 


The management of the prophylactic period deserves prime con- 
sideration, since an adequate regimen will insure a dwindling into 
insignificance of the incidence of acute attack and except for the ad- 
ministration of drugs daily and the prior development of joint deforma- 
tion, the patient should live essentially a normal life, irrespective of the 
severity of the disease. The prophylactic regimen is simple to follow and 
except for kidney involvement, it either stays the chronic degenerative 
changes or reverses the previously progressive effects of the disturbance 
of uric acid. Patients with mild gout, those who may suffer only a few 
mild attacks per decade, even without apparent need for treatment, 
probably benefit from one colchicine tablet (0.5 mg.) daily, year by year. 
I believe that all patients who have been diagnosed as afflicted with gout 
should receive some prophylactic colchicine for possibly a few years. If 
then the prophylactic response is tested with the elimination of col- 
chicine, temporarily, it will be evident sooner or later whether or not 
daily or weekly colchicine is justified. If the serum uric acid range is less 
than 8.0 mg. in the mild case, I would be inclined to delay the administra- 
tion of uricosuric drugs at this stage of the disease. These can always 
be added later if needed. 

Each patient suffering from moderate or severe tophaceous gout 
should be on daily colchicine and a uricosuric agent or a xanthine oxidase 
inhibitor throughout his natural life. A simple rule of thumb is two to 
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three colchicine tablets (1.0 to 1.5 mg.) and 1.0 to 1.5 gm. of probenecid 
daily for moderate gout and somewhat larger doses, 1.5 to 2.0 mg. of 
colchicine and 1.5 to 2.5 gm. of probenecid, for the small number of those 
with severe gout. If the regimen is to be maximally effective, the com- 
bination must be taken daily for an indefinite period of time. I have 
several patients who have taken colchicine daily for decades and 
colchicine plus probenecid daily for almost 20 years. The great majority 
of patients benefit from such prophylactic management. Side-effects 
are minimal and quite tolerable. 

Since colchicine has no effect upon uric acid metabolism its action 
is merely suppressive for joint symptoms. The uricosuric action of 
probenecid is useful in preventing further deposition of uric acid in 
joints and beginning the reverse trend of withdrawal of urates from the 
articular deposits. In the early months of establishment of the prophy- 
lactic regimen, before the full effect of the combined drugs are demon- 
strated, the premonition of an acute attack may be properly handled with 
additional colchicine at once. From two to four tablets of colchicine will 
be effective in preventing further symptoms or subsequently aborting 
the attack. 

In recent years allopurinol (Zyloprim) a xanthine oxidase inhibitor, 
has provided an additional drug in management of the prophylactic 
period.'* Neither a uricosuric agent nor allopurinol has any particular 
advantage in the control of acute symptoms. Allopurinol inhibits the 
action of xanthine oxidase, an enzyme that converts hypoxanthine to 
xanthine and xanthine to uric acid. In therapeutic amounts (200 to 300 
mg. daily) a significant decrease in the urinary excretion of uric acid and 
a significant reduction of the blood urate level follows. A concomitant 
increase in the urinary excretion of hypoxanthine and xanthine is ob- 
served, but not in proportion to the decrease in uric acid excretion. 
Furthermore, the increase in xanthine excretion is not clinically signifi- 
cant, and the formation of xanthine stones or xanthine deposits have not 
been clinical problems. The blood xanthine concentrations usually are 
at a level too low to produce such sequelae. Allopurinol is particularly 
helpful in stone formers and probably should be prescribed in patients 
with leukemia who excrete excessive quantities of uric acid. However, 
no evidence has been produced to show that therapeutic amounts of 
allopurinol administered for long periods of time reverse the well- 
developed parenchymal damage associated with depressed renal 
function. 

At this time, clinical experience cannot provide a consensus regard- 
ing the therapeutic role of allopurinol in the prophylactic treatment of 
gout. If the patient is well stabilized on colchicine and probenecid, I 
would not add allopurinol or substitute allopurinol in favor of the better 
known combination. The small number of patients who receive less than 
the maximum benefit from probenecid and colchicine surely should be 
tested with allopurinol. If I saw a patient for the first time who had not 
been on the combination I would have no firm criteria for recommending 
colchicine plus allopurinol, as opposed to colchicine plus probenecid. 
Although the side-effects of allopurinol are not critical, they are some- 
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what greater than with probenecid and because of this factor alone, 
everything else being equal, I would tend to favor colchicine plus pro- 
benecid. I do not believe that phenylbutazone or indomethacin or a corti- 
costeroid holds priority as a prophylactic agent to be administered daily. 

If the recommended regimen is followed faithfully, little or no atten- 
tion need be paid to diet beyond the avoidance of obesity and the high- 
purine substances such as liver, kidney, and sweetbreads. A liberal 
portion of red meat or shellfish or any other protein substance is per- 
mitted daily. Nor have I discovered any particular harm from social 
drinking of alcoholic beverages, unless the patient reports a specific 
untoward reaction to a particular wine or hard liquor. Most important is 
the critical need for an augmented fluid intake at all times. 

In the passing years the prognosis of gout improved even before the 
discovery of modern uricosuric agents and more recently allopurinol. A 
series of patients seen in Boston in the 1930’s and in Buffalo in the 1940’s 
showed a mortality among males similar to or less than that expected in 
the similar group of nongouty males from the same age group.’ If full 
advantage is taken of available therapeutic agents, longevity might even 
be further enhanced in the gouty patient. 
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Acute Diarrheal Disease 


HEINZ F. EICHENWALD, M.D.* 


GEORGE H. McCRACKEN, JR., M.D.** 


This communication will discuss three aspects of acute diar- 
rheal disease: general epidemiology, etiology, and therapy. 


EPIDEMIOLOGY 


Diarrheal disease, in the opinion of most physicians and public 
health workers residing in highly developed countries, is considered to 
be more of a nuisance than a major health problem. Yet in the United 
States, this group of diseases ranks among the five leading causes of 
death among young children and, in many parts of the world, results in 
more total deaths than any other cause. In fact, within these latter 
geographic areas, diarrhea produces more illness and kills more infants 
and children than all other diseases combined.° 

The general term ‘acute diarrheal disease” was introduced to de- 
scribe a syndrome consisting of a group of illnesses difficult to dif- 
ferentiate on clinical or epidemiologic grounds. Thus, within this 
definition are included such entities as shigellosis, salmonellosis, and 
enteropathogenic Escherichia coli diarrheas, but excluded are the 
enteric fevers, cholera, amebiasis, food poisoning, etc., each of which 
has its own distinctive epidemiologic or clinical pattern. 

The acute diarrheal disease syndrome is characterized by its uni- 
versal presence and by the fact that under certain environmental and 
ecologic situations it occurs frequently and repeatedly in persons of all 
age groups. It can be described by its mortality rate among infants, its 
high communicability, particularly among babies and young children, 
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and by a gradual decline in its incidence with advancing age. These 
features remain relatively constant whether or not an etiologic agent 
proves isolatable, suggesting that the great majority of cases are of 
infectious origin. 

Gordon has proposed a classification of acute diarrheal disease based 
on epidemiologic features; in this manner, three primarily endemic and 
two characteristically epidemic syndromes can be defined.‘ 

The three types of endemic diarrhea are (1) those occuring primarily 
in children less than 5 years of age influenced by factors separate and 
distinct from those governing disease in older age groups, (2) the diar- 
rheas of the general population other than young children, and (3) the 
diarrheas of travelers apparently related to sudden changes in ecologic 
situations. The first two syndromes may exist within a community in an 
endemic or hyperendemic state, often waxing and waning from season 
to season and from year to year. Occasionally, but rarely, the incidence 
may reach epidemic proportions. 

In order for the two epidemic syndromes to occur, certain specialized 
ecologic conditions must exist. They are found in geographic areas witha 
reservoir of endemic infection. The best known of the two syndromes is 
epidemic diarrhea of newborns; the other is found in situations where a 
population of unrelated persons is suddenly thrown together and then 
exposed to an unfamiliar ecologic environment, as may occur during 
natural and manmade disasters. 

Despite the fact that acute diarrheal disease is caused by a variety 
of proved and presumed infectious agents, the basic epidemiology of the 
endemic and epidemic types is remarkably constant. The major reservoir 
of infection is man, although most salmonella may be carried and spread 
by animals. Except for these salmonella there is little evidence that in 
endemic situations any method of transmission other than direct human 
to human contact by the fecal-oral route plays a significant role. 
Common source spread does, on occasion, account for sharp outbreaks 
and, in the case of epidemic diarrhea of the newborn, airborne trans- 
mission may take place, but these are exceptional and specialized cir- 
cumstances. Generally, the incubation period tends to be quite short 
(2 to 4 days). Inapparent infection is common and the frequency of its 
occurrence may depend, among other factors, on the age and perhaps 
on the nutritional state of the host. Among the young, communicability 
is high, and no general immunity is conferred by a single attack; thus 
repeated episodes among all small children are the rule in situations 
where the acute diarrhea syndrome can flourish. These situations are 
found in environments which encourage fecal-oral spread: poverty, poor 
sanitation and personal hygiene, and overcrowding. 


ETIOLOGY 


One of the great disappointments of infectious disease is the fact that 
even with the application of the most sophisticated techniques, one can- 
not account for an etiology in the majority of cases of diarrhea that are 
epidemiologically clearly infectious. Before the development of modern 
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methods of virology, it was assumed that most, if not all, cases of this 
illness which could not be explained by the isolation of bacteriologic 
(or protozoologic) agents, were “obviously” due to viruses. Despite the 
fact that only a small and insignificant proportion of diarrheas can be 
demonstrated to be associated with one or another virus, this illusion 
remains widespread among physicians, who speak of such entities as 
“viral diarrhea” and “intestinal flu.” Thus, in the absence of positive evi- 
dence, the belief persists that the bulk of cases are directly due to viruses 
or that viruses enhance the pathogenicity of bacterial agents. It seems 
likely that this dogma inhibits the development of other approaches to 
the problem of etiology of infectious diarrhea. 

What are the data bearing on etiology? Numerous detailed studies 
from many different lands, climates, and populations are recorded in the 
literature. These often report rather different results, which are, how- 
ever, internally consistent, leading to the conclusion that the etiology of 
acute diarrheal disease differs by geographic area, age, socioeconomic 
circumstances, environment, sanitation, season, and state of nutrition.’ 
Much more information exists about the etiology of diarrhea in the 
young and of the more severe cases. Remarkably few detailed studies of 
diarrhea in adults have been recorded; thus, much of the following 
information is derived from data obtained from children. 


Bacterial Pathogens 


In preindustrial countries, and in other areas where endemic diar- 
rheal disease of infants and children occurs with a high summer inci- 
dence, shigella will generally be found to account for more cases than 
enteropathogenic E. coli or salmonella, but even under such circum- 
stances shigella account for less than 25 per cent of the cases. 

Every serotype of the four broad groups of shigella is involved. 
Types of S. flexneri predominate over S. sonnei in underdeveloped coun- 
tries, as well as in the southern United States, while the reverse is 
generally true in industrialized societies and in the northern United 
States. There also appears to be a moderate disproportion in frequency 
of shigella associated with the more severe cases of diarrhea. 

While shigella predominate in underdeveloped countries, in indus- 
trial societies the 10 or so enteropathogenic serotypes of E. coli usually 
account for more diarrhea among infants less than 2 years of age than 
any other bacteriologically recognizable cause. These same serotypes 
are responsible for the great majority of outbreaks of epidemic diarrhea 
of the newborn. The organisms rarely, if ever, produce disease in older 
children and adults; however, these latter age groups may be quite 
commonly infected and act as asymptomatic carriers. 

In comparison with the other two bacteria, salmonella are associated 
with remarkably few cases of childhood or adult diarrhea in most areas of 
the world. In preindustrial societies, these organisms, like shigella and 
E. coli, appear to be generally transmitted by the fecal-oral route, and 
occasionally through water. In highly sanitated environments, however, 
domestic animals and rodents form the chief reservoir of the 600 or more 
known serotypes of salmonella, excluding S. typhosum. Transmission 
can be direct from animal to man, but it is far more likely to occur 
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through contaminated food. The latter forms an admirable substrate for 
multiplication of the organism to infective doses, since small numbers 
of salmonella rarely are capable of producing infection in a normal 
human host. Particularly likely to be contaminated, even after com- 
mercial processing, are meat and fowl products, dried milk, and 
powdered eggs. Infants and children appear to be more susceptible to 
the development of diarrheal disease; it must, of course, be pointed out 
that unlike the other two bacterial causes of diarrhea, salmonella are 
capable of producing a far wider spectrum of clinical disease by virtue 
of their ability to enter the bloodstream. These include the typhoidal 
syndrome (in which, paradoxically, constipation is as common as diar- 
rhea) and a variety of focal lesions such as osteomyelitis, pyelonephritis, 
and cholecystitis.® 

Among children from preindustrial societies, the three bacterial 
pathogens and amebiasis rarely account for more than 25 per cent of 
cases. With the most meticulous techniques, one study was able to iso- 
late pathogens from 35 per cent of affected children.® If one considers 
information from areas of better sanitation such as Great Britain, only 
15 to 20 per cent of all cases of diarrhea in an open community can be 
associated with a bacterial cause. Moreover, even these numbers may be 
unrealistically high; it is not correct to assume that the isolation of a 
known pathogen from the stool of a patient establishes an etiologic 
relationship to diarrhea. For example, in unsanitary environments, such 
as one village in Guatemala, approximately 8 per cent of healthy children 
carry shigella, 0.1 per cent salmonella, and 4 per cent pathogenic sero- 
types of E. coli, so that approximately 12 per cent of normal “controls”’ 
are infected with the same pathogens which are associated with 35 per 
cent of the diarrheas in the same areas. Similarly, pathogenic serotypes 
of E. coli and salmonella are frequently carried by healthy adults in 
industrialized countries. Furthermore, as many as 10 per cent of children 
with diarrhea harbor more than one species of potential pathogen, per- 
mitting no certainty in determining which, if either, is responsible for 
the disease. Thus, even allowing for a considerable range of error, 80 
per cent or more of cases of acute diarrheal disease from areas of the 
world where bacterial infection would be expected to be most prominent 
have no known bacterial etiology. If one confines the data to adult popula- 
tions in industrialized societies, this figure probably rises to 90 per cent 
or above. 


Viruses 


What is the evidence that the 80 to 90 per cent of acute diarrheal dis- 
ease which cannot be accounted for by known bacterial pathogens is of 
viral etiology? Considering the amount of work which has been expended 
on this question, results have scarcely been encouraging to those who 
hold this view. In 1955, prior to the development of sophisticated viro- 
logic techniques, Gordon summarized the indirect evidence which indi- 
cated that viral agents might be the cause of diarrhea.? Strangely enough, 
the situation has scarcely changed since then. 

Evidence was available that diarrhea could be produced in human 
volunteers by inhalation or oral ingestion of stool filtrates, and at least 
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once this effect was serially transmissible. These observations were, 
however, fragmentary and inconclusive, since propagation of an agent 
in a suitable laboratory animal or tissue culture was not accomplished. 

In 1958, one of us (H.F.E.) described an outbreak of epidemic diar- 
rhea among premature and older infants caused by ECHO virus type 18, 
then a newly recognized agent.! This article, and a few other descriptions 
of small outbreaks of diarrhea among newborns from whom viruses 
were isolated,?’> have been widely cited as supporting the ‘“‘virus theory” 
of diarrhea, when, in fact, they scarcely do. The only conclusion that can 
be drawn from these data is that among immature and very young in- 
fants in nurseries, some generally uncommonly occurring viruses may 
produce diarrhea. However, considering the interest in this subject, and 
the sparsity of reports of such occurrences in the last 10 years, this must 
represent an unusual event. 

In the past decade, numerous populations with or without diarrhea 
have been intensively investigated by a variety of virologic techniques.’ ® 
Interpretation of data has been difficult because in most areas where 
diarrhea is endemic the incidence of virus isolation from young children 
may be as high as 80 per cent, with many subjects excreting more than 
one agent simultaneously. However, an equal proportion of suitably 
selected healthy controls presents similar findings. Some studies were 
unable to demonstrate significant differences, but in others a moderate 
preponderance of enteroviruses was found in sick patients as compared 
to controls; in still others there was a modest increase in adenoviruses. 
Even when these data are most charitably interpreted, less than 20 per 
cent of acute diarrheal disease is caused by viruses detectable by present 
techniques; it seems likely that this number is considerably smaller. 
For example, the difference in virus shedding between diarrhea and non- 
diarrhea patients could be a result of the physiologic changes that diar- 
rhea entails, which in turn lead to sufficiently increased proliferation of 
a previously undetected virus to titers detectable in the laboratory. 
Furthermore, not a single outbreak of diarrheal disease in a general 
population has been shown to be due to a virus. Finally, all the virus data 
were derived from studies in children, no really comparable observations 
having been performed in adults. 

One could, of course, assume that much diarrhea is due to members 
of a group of viruses not detectable by present means. Or one could point 
to the possibility that the hunt for viruses has generally concentrated on 
the lower gastrointestinal tract and feces; perhaps the effect of these 
agents on the intestine is indirect and attention should be directed to 
other organ systems, such as the respiratory tract. Nevertheless, the fact 
remains that while ample epidemiologic evidence for communicability 
and infection exists, present data do not allow for anything more than an 
assumption that viruses are causally related to diarrheal disease. 


Other Causes 


What other possibilities exist for an etiology of acute diarrheal 
disease? In the first place, one need consider that in addition to the 
normal aerobic flora and the poorly studied anaerobic flora, a number of 
bacteria are excreted from the human intestinal tract that occupy a “gray 
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zone” in regard to pathogenicity. These include some serotypes of E. coli, 
Staphylococcus aureus, ‘“‘paracolon,” proteus, and pseudomonas. Under 
certain circumstances, such as malnutrition, these organisms may per- 
haps become pathogenic. Furthermore, it is possible that while the body 
is adjusted to a commensurate existence with its own bacterial flora, the 
acquisition of “normal” flora from some other source leads to a temporary 
“instability” of the gastrointestinal tract, until balance between host and 
parasite has again been restored. 

This instability could be caused by a temporary mild invasiveness of 
the foreign bacteria until such time as they can be contained by local 
defense mechanisms (secretory antibody, cellular immunity, peristalsis, 
etc.) or by a change in the local physiochemical environment which may 
affect the anaerobic flora until suitable readjustments have once again 
been accomplished. Furthermore, the foreign bacteria might invade 
those higher levels of the intestinal tract which are usually sterile, or 
they may initially multiply uninhibited to numbers enormously larger 
than those ordinarily found. Support for this concept is found in animal 
studies, where the slowing of intestinal motility by opiates enhances the 
pathogenicity of certain bacteria in the usually sterile and unaffected 
upper small intestine. Furthermore, higher bacterial counts have been 
found in the proximal jejunum of severely malnourished children with 
diarrhea than in similar children free of diarrheal disease. Malnutrition 
and other intercurrent disease of a debilitating or immunologically 
deficient nature may tip the balance in favor of a parasite. Other host 
factors would also be of importance: for example, children with their 
smaller portfolio of antigenic experiences would be expected to react 
less quickly and favorably than adults. 

The diarrhea of travelers may be an example of such an internal- 
external ecologic model. This affliction has been extensively studied 
clinically, epidemiologically, bacteriologically, and virologically.1° While 
the illness is popularly thought primarily to affect individuals from 
highly sanitary environments when they travel in areas where standards 
of sanitation are less rigid, this view is demonstrably incorrect. For 
example, approximately one third of the tourists from the United States 
traveling in Mexico develop the disease, but at least an equal proportion 
of Mexicans who come to our country develop identical symptoms. 
Furthermore, the attack rate among North Americans visiting the 
Scandinavian countries is the same as that reported among travelers in 
Mexico, but is highest for tourists in the Mediterranean area. The syn- 
drome is also encountered frequently among subscribers to “round the 
world” ship voyages, occurring often before the boat has reached a 
foreign port, and before the affected individual has had the opportunity 
to sample foreign food or water. 

Because of its relatively constant epidemiologic and clinical features, 
little doubt exists that the syndrome represents a definite clinical entity. 
It is characterized by acute nonbloody diarrhea, slight fever, abdominal 
pain, nausea, chills, malaise, and often quite severe prostration, in- 
capacitating about one third of those affected. The incubation period can 
be as short as 2 or 3 days but may also be longer. Diarrhea may continue 
for 1 to 10 days, but in 90 per cent of patients it has stopped by the third 
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day after onset. The disease is not influenced by season or climate. Like 
other acute diarrheal syndromes, attack rates decline with age, although 
little is known of its frequency among children. Young adults (age 24 
or younger) experience the disease at least twice as frequently as those 
past middle age (55 or older). 

Extensive investigations have failed to show any association of 
traveler’s diarrhea with known viral, bacterial, or protozoal pathogens. 
Epidemiologic evidence is strongly against the thesis that it is caused by 
psychological factors, simple changes in diet, or classical ‘food 
poisoning” of staphylococcal origin. 

Of particular significance to our discussion is the fact that prophy- 
lactic administration of neomycin or phthalylsulfathiazole or both, even 
in relatively modest dosage, appears to produce some beneficial effect 
on the frequency of moderate and of severe diarrhea.'® Since neither of 
these agents affects any known viruses in vitro or in vivo, the beneficial 
reactions observed must be due to their antibacterial activity. Since 
detailed bacteriologic studies of traveler’s diarrhea have failed to reveal 
infection with a classic pathogen, one possible conclusion is that the diar- 
rhea could be due to shifts in the relative numbers of the bacterial 
population in the intestine of the victims, or, more likely, the introduction 
of ecologically “foreign” strains of members of the so-called “normal” 
flora, to which the body quickly adjusts. This mechanism would also 
explain the universal nature of the syndrome as well as its declining 
attack rate with age. 

It is unfortunate that so little information is available about the 
nature or frequency of traveler’s diarrhea among children. Such data 
might support the thesis that most cases of acute diarrheal disease in 
that age group are also related to infection with foreign or unbalanced 
‘normal’ flora, an event which would readily and frequently occur in any 
area with poor environmental sanitation. Furthermore, no studies have 
been performed to demonstrate whether or not antimicrobial prophylaxis 
such as phthalylsulfathiazole can protect the child against the acute 
diarrhea syndrome, although the suggestion has been made that such 
substances be routinely incorporated into foodstuffs intended for con- 
sumption by children in preindustrial societies. Aside from the fact that 
no evidence exists that such a step would diminish the diarrhea rate, the 
suggestion is impractical for a number of other reasons. No antibacterial 
substance is available that is tasteless, inexpensive, totally nontoxic, 
and to which bacterial resistance does not rapidly develop. Further- 
more, attempts at introducing other supplements such as nutrients 
into the foodstuffs of underdeveloped countries have been relatively 
unsuccessful. 

It is of interest to note, in that connection, that the rationale for 
supplementation of food with certain nutrients, specifically protein, was 
designed not only to combat protein malnutrition, but also to reduce the 
incidence or at least the mortality rate of diarrhea. These attempts at 
protein supplementation are based on the thesis, beautifully docu- 
mented by John Gordon, that much acute diarrheal disease among the 
young (the so-called ‘‘weanling diarrhea’) is produced, or at least ag- 
gravated, by an interaction between infection and malnutrition.’ This 
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interaction or synergism is by no means a simple one. Malnutrition 
obviously occurs primarily among underprivileged populations and thus 
is located in a particular social, physical, and biological environment. 
Phe unsanitary physical environment, and probably malnutrition as well, 
result in an increased frequency and chronicity of infection, especially 
diarrhea, The prevalence of acute diarrhea increases as the nutritional 
status worsens. Repeated infections produce a cycle in which infection 
increases metabolic demands, decreases food intake and inhibits the 
absorption of nutrients, resulting in further deterioration of the nutri- 
tional state. 

In malnourished children, common communicable diseases such as 
varicella and rubeola, not usually associated with intestinal manifesta- 
tions in healthy populations, can produce severe diarrhea. Moreover, 
evidence is beginning to accumulate that susceptibility to at least one 
of the specific bacterial causes of diarrhea, shigella, may also be nutri- 
tionally determined. A full discussion of the problem is obviously outside 
the scope of this communication; the subject was introduced primarily 
to demonstrate further the complexity of the “diarrhea problem” from 
the standpoints of pathogenesis and control. 


PREVENTION AND THERAPY 


Good general health undoubtedly represents the most effective pro- 
tection against diarrheal disease; the illness rarely is of any consequence 
in robust, well-nourished persons past infancy. The frequency with 
which traveler's diarrhea occurs can perhaps be diminished by the 
following measures: (1) consume only boiled water or tea; all other 
liquids should be in sealed, tamper-proof containers; (2) avoid raw 
vegetables or salads; consume only fruit which can be peeled; (3) avoid 
exotic dishes; (4) be meticulous about personal hygiene. 

Specific therapy, as opposed to symptomatic treatment, is obviously 
rarely possible in the adult. It will be recalled that of the bacterial diar- 
rheas of adults, salmonella play the most significant, be it small, role. 
While these organisms are susceptible to many antimicrobial agents, 
there are no data which would indicate that the administration of such 
drugs orally or parenterally decreases the duration or severity of illness 
in otherwise healthy adults. In fact, the available evidence shows that 
the frequency of occurrence of a carrier state is increased when anti- 
microbial therapy is administered during the acute phase. Furthermore, 
many antibiotics produce diarrhea by themselves, while others induce a 
malabsorption state. Thus, the use of antimicrobial agents in salmonel- 
losis of otherwise healthy adults cannot be justified on either medical 
or public health grounds. 

Antimicrobial therapy is of proven benefit in certain diarrheal dis- 
eases of infancy and childhood. While there are no data to suggest that 
uncomplicated salmonella diarrhea can be effectively treated, adequate 
therapy does exist for the other two bacterial diseases, shigellosis and 
enteropathogenic E. coli diarrhea. Experience indicates that E. coli 
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diarrhea is most effectively treated with nonabsorbable antibiotics, not 
by parenteral therapy. Orally administered neomycin in a dosage of 100 
mg. per kg. per day will usually produce a prompt response, except in 
those instances where strains of the organism are involved that have 
become resistant to the drug. The proportion of such resistant strains 
appears to differ in various parts of the United States and the world. 
If neomycin proves ineffective, an alternate drug is a polymyxin (poly- 
myxin B or colistin) administered orally in a dosage of 15 to 20 mg. per 
kg. per day. Neither of these two therapeutic regimens regularly eradi- 
cates the carrier state, although they readily effect a clinical cure. The 
treated infants must therefore be considered to be infectious to others 
until such time as suitable methods indicate that a bacteriologic cure has 
been achieved. 

Both neomycin and the polymyxins are effective prophylactic agents 
and have been successfully employed to protect healthy infants exposed 
to infected babies. Such use should, however, be restricted to brief 
periods of time, because emergence of resistant strains may occur with 
routine use and both drugs are capable of inducing a malabsorption state. 
Furthermore, even though these drugs are considered “nonabsorbable,” 
approximately 5 to 10 per cent of the orally administered dose may be 
absorbed. In infants with limited renal function Gmmaturity, dehydra- 
tion), excessive dosage or prolonged administration may lead to ac- 
cumulation of drug in the serum, with consequent systemic toxicity. 

Recent evidence indicates that effective antimicrobial therapy 
strikingly reduces the duration and severity of shigellosis in children’ 
and generally promptly terminated the fecal excretion of the organism. 
In contrast to the E. coli disease, absorbable drugs produce better results 
than nonabsorbable agents, even when the bacteria are fully susceptible 
to the latter. All over the world, many strains of shigella have become 
resistant to sulfonamides, agents which previously were universally 
recommended as therapy. These drugs are consequently generally in- 
effective. About 90 per cent of shigella are susceptible to ampicillin. 
Depending on the severity of the disease, this drug can be administered 
either orally or parenterally in a dosage of 75 to 100 mg. per kg. per day. 
Tetracyclines, the general use of which is undesirable for other reasons 
in children, or chloramphenicol (which is rarely indicated) also offer 
effective therapy. Kanamycin administered either orally or parenterally 
is ineffective despite the fact that a very high proportion of shigella are 
susceptible. It is possible that in contrast to the severe disease, mild 
cases of shigellosis may not measurably benefit from therapy, but the 
prompt eradication of the organism does serve a useful public health 
purpose. 

While in healthy older children antimicrobial therapy of uncompli- 
cated salmonellosis offers little benefit, the infant, the postoperative 
patient, the child with a hemoglobinopathy or a chronic debilitating 
disease should be treated, since the illness in these instances may be 
very prolonged or may lead to systemic focal complications. Parenterally 
administered ampicillin (100 mg. per kg.) represents the safest and 
usually most effective therapy; chloramphenicol is an equally effective 
but for other reasons less desirable alternative. Despite the in vitro 
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demonstrations of susceptibility, other antimicrobial agents are un- 
likely to produce a beneficial therapeutic response. 

Since the great majority of cases of acute diarrheal disease are 
of unknown etiology, no specific therapy is available for most patients. 
There is no evidence that once the diarrhea of the “nonspecific” disease 
has begun, nonabsorbable or absorbable antimicrobial agents produce 
beneficial effects; in fact, the reverse appears to be true: the average 
patient experiences a prolongation of his diarrhea with antimicrobial 
therapy. Thus, the blind use of diarrhea nostrums containing one or 
several nonabsorbable antibiotics is to be condemned. Equally poor prac- 
tice is the administration of systemic antimicrobial therapy. The situa- 
tion can be handled much more effectively by symptomatic treatment. 

The events which usually are most bothersome to the patient consist 
of frequency or looseness of bowel movements, abdominal cramps, and, 
less commonly, nausea or vomiting. 

The frequency of evacuations can usually be quite effectively con- 
trolled with one or another opium-containing mixture, with codeine, 
or with diphenoxylate. Addiction to opiates in patients using them 
occasionally or intermittently is rare. Diphenoxylate appears to be less 
addicting than either opium or codeine; this represents perhaps the only 
advantage of the drug. In terms of therapeutic equivalency, 15 mg. of 
diphenoxylate is equal to about 45 mg. of codeine. 

In small children, diphenoxylate should never be used; the range 
between effective and toxic dosage is too small. Furthermore, controlled 
studies in children have failed to show that the frequency of movements 
is reduced. In any event, there is a risk in the use of any antidiarrheal 
agent in infants and children with acute enteritis, since inhibition of 
peristalsis may lead to fluid retention within the bowel great enough to 
mask depletion of extracellular fluids and electrolytes. Thus, children 
may become dehydrated in the absence of further diarrhea unless their 
clinical condition is closely supervised. Kaolin-pectin mixtures and 
related preparations may produce a similar misleading situation: the 
stools appear to be more “solid” but contain an amount of water equal 
to that of a diarrheal movement. 

Actually, the majority of mild to moderate diarrheas probably re- 
spond as quickly to rest and the administration of a bland, clear liquid 
diet as they do to pharmacologic therapy. 

Abdominal cramps will often be diminished in frequency or intensity 
by the local application of heat; occasionally, anticholinergic agents such 
as propantheline bromide benefit these complaints. In children, diphen- 
hydramine, more usually employed for its antihistaminic effect, com- 
bines strong sedative activity with an atropine-like action. It is used with 
reported success by many practitioners for the relief of cramps, although 
these observations have not been tested by suitable studies. 

Nausea and vomiting rarely are severe enough to require therapy. 
While a variety of drugs has been advertised as effective for these symp- 
toms of acute diarrheal disease, controlled studies have shown that 
most of them are no more effective than a placebo, or, at best, a mild 
sedative. Exceptions to this are chlorpromazine or prochlorperazine 
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which can be administered effectively in adults, and with great care and 
close supervision in children, but should not be used in infants. 

Only in infants, small children, debilitated adults, and in other 
specialized situations does the water and electrolyte loss caused by acute 
diarrheal disease become sufficiently great to require intravenous fluids. 
In the usual case, these losses can readily be repaired by the oral ad- 
ministration of liquids such as carbonated beverages, clear soups, and 
gelatins. Commercially available ‘‘oral electrolyte solutions” have been 
widely used in infants, but their frequent abuse has resulted in the 
occurrence of hypernatremia in many babies, representing a far more 
dangerous condition than the dehydration the patients were being 
treated for. Thus, we do not recommend the use of these ‘‘at-home’”’ 
mixtures. An infant, child, or adult who is clinically dehydrated should 
be treated with suitable intravenous solutions, replacing the estimated 
loss with a balanced salt mixture. Detailed discussion of fluid therapy 
and of the occasional case of shock is beyond the scope of this 
communication. 
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Viral Hepatitis 


W. PAUL HAVENS, JR., M.D.* 


Viral hepatitis is one of the most important unsolved problems 
in infectious disease in the third quarter of this century. Historically, it 
was recognized under a number of names, including infective hepatitis 
and catarrhal jaundice. The disparate concepts of its nature were indeed 
reflected in these terms, the former suggesting that it was an infectious 
disease and the latter paying homage to the idea that the jaundice was 
due to obstruction of the common bile duct caused by a plug of mucus. 
Emerging from relative obscurity in the early 1940’s, it rapidly gained 
worldwide importance as a disease of the military, and subsequently 
assumed an important role among civilians. The exigencies of the 
military situation in World War II prompted a series of experiments in 
human volunteers that, in addition to clinical and epidemiologic studies, 
provided information indicating that two apparently different forms of 
disease existed—infectious hepatitis, an epidemic disease caused by 
virus A, transmitted by the fecal-oral route, and serum hepatitis, caused 
by virus B, transmitted by the parenteral route. In the nearly three 
decades that have followed these early observations, a steady flow of 
information has been made available from continuing experiments in 
volunteers. These studies, in conjunction with numerous clinical, epi- 
demiologic, and pathologic observations, have made possible the evolu- 
tion of our current concepts of viral hepatitis and its two recognized 
constituents —infectious hepatitis and serum hepatitis. 

The relationship of serum hepatitis to infectious hepatitis has beena 
source of speculation since the early 1940’s, when these two conditions 
were defined as apparently separate entities. One early conjecture was 
that the prolonged incubation period of serum hepatitis was the result of 
the parenteral inoculation of a virus that was naturally transmitted by 
the fecal-oral route to produce infectious hepatitis. However, the experi- 
ments in volunteers by different workers during the past three decades 
furnished information that two apparently distinct viruses (A and B) 
or strains of virus existed that had striking similarities and differences. 
Both were remarkably resistant to a number of physical and chemical 
agents; they were transmissible serially to human volunteers, producing 
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hepatitis that was clinically similar in many ways; they occasionally 
persisted for prolonged periods in the feces or blood of persons with or 
without symptoms; and attempts to transmit them to a wide variety of 
animals, tissue cultures, and embryonated eggs were unsuccessful. 

The significant differences between them were as follows: virus A 
could be found in the blood and feces of patients for a 3 to 5 week period 
during the incubation period and acute phase of disease; it could be 
transmitted orally and parenterally, producing disease with similar 
incubation periods ranging from 15 to 50 days; it was excreted in the 
feces following parenteral inoculation; it evoked homologous immunity, 
but there was no cross immunity between it and virus B. Virus B could 
be found in the blood (but not the feces) for a prolonged period of many 
weeks during the long incubation period and early acute phase of dis- 
ease; it could be transmitted parenterally only; its capacity to evoke 
homologous immunity was apparently limited; and there was no cross 
immunity between it and virus A. 

The idea that one form of hepatitis should rely on parenteral trans- 
mission for survival was never easy to accept. Over the years, sparse 
epidemiologic evidence of sporadic contact cases in outbreaks of serum 
hepatitis gave some support to the idea that biologic continuity might be 
implemented by alterations in virus A during the carrier state, resulting 
in a virus with the characteristics of virus B but retaining certain of the 
properties of virus A, such as the capacity for excretion in the feces after 
parenteral inoculation.’ However, definitive support of this concept did 
not become available until 1967, when Krugman et al.'” reported that one 
strain of virus B (MS-2) may be transmitted by feeding serum containing 
virus, producing hepatitis with a long incubation period, and that there 
is no cross immunity between this strain and a strain of virus A (MS-1) 
that produced hepatitis by feeding after a shorter incubation period. 
Thus, it would appear that one of the major differences, i.e., route of 
transmission, need not always hold. Whether virus B will eventually be 
found in the feces of patients with serum hepatitis remains to be seen. 

What was to become one of the most exciting developments in the 
often frustrating research in hepatitis was the discovery of the Australia 
antigen by Blumberg and his colleagues in 1965.2 Subsequently, this 
was found in the acute-phase serums of 27 per cent of patients with 
viral hepatitis (infectious hepatitis 22 per cent positive and serum hepa- 
titis 41 per cent positive).?* This antigen is apparently identical with an 
antigen (SH) later found by Prince?! in the serums of patients with serum 
hepatitis, but not with infectious hepatitis. Hirschman et al.!! detected 
Australia antigen in 74 per cent of acute-phase serums obtained during a 
prospective study of patients with serum hepatitis, but in only 5 to 16 
per cent of patients with infectious hepatitis from whom occasional 
serums were obtained in the acute and convalescent phases of disease. 
It was suggested that the much lower incidence of antigen in the patients 
with infectious hepatitis was related to the infrequency of collection of 
serums. Antigen-associated virus-like particles visualized by electron 
microscopy of serums from patients with serum hepatitis and infectious 
hepatitis were morphologically indistinguishable, raising again the 
question whether the causative viruses of IH and SH are identical and 


VrirRAL HEPATITIS 457 


whether the difference in incubation periods of the two diseases is a 
function of the route of inoculation. 

Since there is no specific diagnostic test to distinguish between 
infections caused by virus A and virus B, the discrepancy in the results 
of attempts of different workers to find Australia-SH antigen in infec- 
tious hepatitis and serum hepatitis may be related to the difficulty of 
differentiating between these two conditions as they occur clinically. 
Of particular interest in this regard is a recent study of Giles et al. 
Using two strains of hepatitis virus, MS-1 and MS-2, that produce 
clinically, epidemiologically, and immunologically distinct types of 
hepatitis, these workers were not able to detect Au-SH antigen in a pool 
of infectious MS-1 serum or in the serums of patients infected with it. 
In contrast, Au-SH antigen was detected in a MS-2 serum pool and in 
almost all patients infected with it. These results suggest that Australia 
antigen may not be related to infectious hepatitis or, if related, that it 
does not often attain levels detectable by present methods. The solution 
of this dilemma awaits the development of more sensitive serologic 
tests. 

The real nature of the antigen remains to be determined, but it ap- 
pears to be intimately associated with hepatitis of long incubation period. 
Whether it is truly one of the causative viruses of hepatitis awaits further 
study; however, it is the most promising advance of recent years. 


CLINICAL FEATURES 


Acute Hepatitis 


The host response produced by infection with hepatitis viruses (A 
and B) represents a broad spectrum, ranging from an asymptomatic car- 
rier state (feces or blood or both), with or without evidence of hepatic 
dysfunction, to fulminant necrosis of the liver, ending in death. The 
former, though of tremendous epidemiologic significance, goes largely 
unrecognized due to lack of specific diagnostic methods, and from the 
clinical standpoint we are mainly concerned with those infections that 
have signs and symptoms of disease accompanied by varying degrees of 
hepatic dysfunction. Although attention is primarily focused on the 
liver, viral hepatitis is a generalized systemic disease with multiple 
organ involvement, including, among others, the gastrointestinal tract, 
kidneys, pancreas, heart, joints, and skin. 

Infectious hepatitis (Virus A) is an acute or subacute enteric infec- 
tion often associated with a readily recognizable alimentary phase. 
Serum hepatitis (virus B) has not been generally regarded as having an 
alimentary phase, despite the fact that, after onset, the gastrointestinal 
complaints and the pathologic findings at necropsy are indistinguish- 
able from those of infections caused by virus A. The failure to associate 
an alimentary phase with serum hepatitis was based on the facts that 
virus B was not found in the feces of patients infected with it and, until 
lately, had not been transmitted by feeding. However, the recent demon- 
stration that one strain of virus B can be transmitted by feeding serum 
containing it may modify this concept. 
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Over the years, it has been generally accepted that the onset of 
disease in infectious hepatitis is frequently abrupt and accompanied by 
fever, while serum hepatitis has an insidious onset with little fever. 
After onset, the courses of disease and biochemical reactions were 
regarded as similar, although Neefe et al.,?° in 1947, called attention to 
the fact that the thymol turbidity reaction was far less intense in serum 
hepatitis. Recently, a well-defined pattern of difference between these 
two types of hepatitis has been described by Giles and Krugman,*® who 
found that children with infectious hepatitis (MS-1) have sharp increases 
in immunoglobulin M, thymol turbidity, and serum glutamic oxalacetic 
transaminase during the acute phase of disease, in contrast to children 
with serum hepatitis (MS-2), in whom the amounts of immunoglobulin 
M are either normal or slightly elevated and the thymol turbidity test 
less strongly positive, while the serum glutamic oxalacetic transaminase 
is increased to levels comparable with those found in infectious hepa- 
titis. Serial determinations of these tests were recommended as an aid in 
differential diagnosis between these two types of hepatitis. 

Viral hepatitis is, in most instances, a self-limited disease in which 
complete recovery is the rule. The mortality is low except under certain 
circumstances that are poorly understood. Thus, outbreaks of the epi- 
demic disease have, in the past, been associated with high lethality 
among women beyond the menopause in Denmark. Serum hepatitis 
also may be accomapnied by high mortality, particularly in older persons 
with severe underlying disease, in whom it so frequently occurs. 


Chronic Hepatitis 


Of particular interest from the clinical standpoint is the syndrome 
of chronic active hepatitis. Its relationship to viral hepatitis has becomea 
controversial subject and, not unexpectedly, opinions range from the 
extremes of belief that it has no relationship to preceding viral hepatitis 
to the idea that it is an uncommon but definitely related sequela of that 
disease. Proponents of the former concept cite the insidious develop- 
ment of chronic hepatitis, frequently without a history of preceding 
acute disease. However, in view of the known capacity of hepatitis 
viruses to infect man without producing overt clinical manifestations, 
it seems quite tenable to accept the concept that in certain persons 
asymptomatic infection may occur, with progression to chronic disease 
before any clinically overt signs become evident. In addition, it is quite 
clear that some persons who have had an acute illness that is clinically 
indistinguishable from viral hepatitis sustain a progression to chronic 
active disease. The mechanisms that potentiate this are unknown anda 
subject of wide discussion. 

Whether progressive destruction of the liver is the result of con- 
tinued activity of virus or whether it is the result of some form of auto- 
immune response is a source of speculation. There is, as yet, no way to 
obtain evidence to support the former possibility. The persistence of 
Au-SH antigen in the blood of patients diagnosed as having chronic 
hepatitis,? while not easy to interpret, is, however, of interest in this 
regard. Proponents of the latter concept can cite considerable evidence 
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showing that chronic hepatitis may flourish in a biologic milieu that is 
replete with the phenomena of autoimmunity,'! and, indeed, may co- 
exist with other recognized autoimmune diseases. This controversy is 
not yet settled. 

Although chronic active hepatitis occurs in men, it is more com- 
monly a disease of the female sex. Girls at menarche and in the few years 
thereafter as well as women beyond the menopause appear unusually 
susceptible. Its onset may be so insidious that it becomes clinically 
apparent only after severe hepatic damage has occurred, or it may mani- 
fest itself as a continuing process in a patient with recognized preceding 
hepatitis. Under the latter circumstances, the patient appears to have 
made an incomplete recovery. Jaundice diminishes, but the serum bili- 
rubin, SGOT, and thymol turbidity fail to return to normal. The course 
of disease may be marked by remissions and exacerbations or it may be 
relentlessly progressive. Its rate of progression is usually unpredictable; 
however, from the qualitative aspect its course follows a characteristic 
pattern, and death not infrequently occurs within 5 years after recogni- 
tion. Of interest is the sense of well-being that some patients maintain 
for a considerable period of time. Many, however, complain of easy 
fatigability, anorexia, malaise, and arthralgia. 

Associated conditions including ulcerative colitis, thyroiditis, and 
rashes occur on occasion. Jaundice is usually mild or moderate and 
fluctuant, although in occasional persons who have a cholestatic type of 
disease it may be severe, and itching becomes troublesome. Gradual 
impairment of nutrition occurs, crops of spider angiomas appear, and 
increased pigmentation of the skin due to deposition of melanin some- 
times is evident. The SGOT fluctuates but remains abnormal, commonly 
ranging between 150 and 800 units; the serum gamma globulin in- 
creases, reaching amounts usually ranging from 2.0 to 3.5 gm. per 100 
ml., although in some patients it may attain levels of 4 to 5 gm. per 100 
ml. Hypoalbuminemia occurs later in the course of disease. 

The liver is somewhat enlarged and intermittently tender but, as 
the disease progresses, it often becomes smaller so that it is no longer 
palpable. Portal hypertension develops, the spleen enlarges, and esopha- 
geal and gastric varices eventually appear. Hypersplenism involving 
any one or all of the formed elements of the blood is common and, on 
occasion, becomes a problem sufficient to require splenectomy. Abnor- 
mal retention of fluid with edema and ascites, rupture of varices, and 
eventual hepatic failure are sequential events in the course of disease, 
with death due to exsanguination or hepatic failure. Examination of the 
liver of such patients reveals progressive changes, depending on the 
stage of disease in which the biopsy is made. Early, there are focal areas 
of necrosis and round cellular infiltration of portal triads; as the disease 
progresses, fibrosis occurs with lobular disarray ending in severe post- 
necrotic scarring and alteration of the lobular architecture. 


TREATMENT 
Acute Hepatitis 


Therapy in acute hepatitis is concerned with the provision of a well- 
balanced and unrestricted nutritious diet. Rest in bed is recommended 
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during the acute symptomatic stage, but there is no contraindication to 
being up and about the room after this has passed. When the patient is 
asymptomatic, the serum bilirubin measures less than 1.5 mg. per 100 
ml., and the Bromsulphalein retention (5 mg. per kg.—45 minutes) is 
less than 10 per cent, gradually increasing activity is allowed, and its 
effect is measured by clinical observations and determinations of the 
serum bilirubin, SGOT, and thymol turbidity at 10 day intervals. Minor 
increases in SGOT occur at times during this period of rehabilitation, 
but they need not be regarded as significant unless they are accompanied 
by other significant biochemical or clinical abnormalities. Resumption 
of normal living and working patterns is usually possible after 2 to 4 
weeks of convalescence, depending on the initial severity of disease. 

The use of corticosteroids in acute hepatitis should be reserved for 
patients in whom the total serum bilirubin measures more than 15 mg. 
per 100 ml. or those in whom neurologic abnormalities suggesting the 
onset of hepatic coma occur. In patients with hepatic coma or precoma, 
the administration of large doses of corticosteroids is recommended. 
The value of exchange transfusions in hepatic coma is not yet estab- 
lished and, at present, no statistically significant improvement in sur- 
vival has been found in patients who have had exchange transfusions. 
Further study of larger numbers of patients may indicate some advan- 
tage for this procedure that is, as yet, not demonstrated.°® 


Chronic Hepatitis 


In chronic hepatitis, the results of therapy with corticosteroids are 
variable and opinions on their beneficial effects are far from unanimous. 
In one group of treated patients, the 5 year survival increased, but there- 
after the advantage disappeared.'” In general, however, it can be said 
that patients receiving therapy with corticosteroids enjoy a greater sense 
of well-being and better performance in life. At all events, the beneficial 
effects observed in some patients warrant a trial of therapy for 3 to 6 
months with prednisone, usually in amounts ranging from 10 to 20 mg. 
per day, in all patients diagnosed as having chronic active hepatitis. If 
relapse occurs, as it often does after treatment is discontinued, the 
decision for further therapy must be made on an individual basis. 

Some patients have excessive untoward effects from corticosteroids, 
such as severe infections, obesity, acne, and hirsutism, and in others the 
clinical course is not improved by their administration. Under these 
circumstances and in an attempt to increase the therapeutic scope in 
this condition, limited clinical trials of the effects of 6-mercaptopurine 
and azathioprine have been made.'’ Both are said to exert a favorable 
effect. However, the risk of toxic effects of the former should be empha- 
sized, and further trials of the latter are required before any judgment 
can be made as to its therapeutic effectiveness and desirability. 


EPIDEMIOLOGY 
Infectious Hepatitis 


Despite its contemporary importance as a problem of international 
health, infectious hepatitis is not reportable in large areas of the world; 
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and it is mainly within the past two decades that significant statistical 
data have become available from those countries that have recognized 
it as a notifiable disease. Sweden and Denmark were prescient in their 
awareness of the nature and importance of this disease and have re- 
corded almost four decades of epidemiologic experience with it. In 
Denmark during this time, two major epidemics occurred, peaking, 
respectively, in 1933 and 1943. Since the latter date, the incidence has, in 
an unexplained fashion, declined almost steadily to a level of 19 per 
100,000 population in 1968 (Fig. 1). 

In the United States, infectious hepatitis was made nationally re- 
portable in 1952. From that point through 1968, approximately 600,000 
civilian cases have been reported. It is certain that the true incidence of 
infections with hepatitis viruses is considerably higher, since the bulk 
of notified cases are those with clinical jaundice. The Hepatitis Surveil- 
lance Unit of the U.S. Public Health Service was formed in 1960, and its 
reports have made available a great deal of valuable epidemiologic data 
on morbidity, mortality, and the association of hepatitis with contami- 
nated water and foodstuff, subhuman primates, narcotic addiction, 
dialysis units, and transfusions of plasma and whole blood. Since 1952, 
two epidemics have been recorded, peaking in 1954 and 1961, respec- 
tively. After 1961, the morbidity declined progressively through 1965, 
after which it began to rise, suggesting the possibility, in accord with 
previous experience, that another peak year might occur in 1969 (Fig. 
2). However, despite the progressive increase in incidence over the past 
3 years, it has not been of sufficient magnitude to make 1969 a peak year. 
During the first 40 weeks of 1969, approximately 40,000 cases of viral 
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HEPATITIS EPIDEMICA—RATE PER 100,000 IN DENMARK 


Figure 1. The incidence of infectious hepatitis (per 100,000 population) in Denmark, 
1931 to 1968. (Data from the Statistical Division, National Health Service of Denmark.) 
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VIRAL HEPATITIS IN THE UNITED STATES 


Figure 2. The incidence of viral hepatitis in the United States, 1952 to 1968. (Data 
from Hepatitis Surveillance Reports, Communicable Disease Center, U.S. Public Health 
Service. ) 


hepatitis were reported, representing an increase of 6 per cent above the 
number reported for a comparable period in 1968 and 25 per cent above 
the median for the years 1964-1968. 

In temperate climates, the morbidity of hepatitis goes through 
cycles, with peaks every 5 to 10 years. Seasonal fluctuations occur, char- 
acterized by an increase in autumn and early winter, with a decline in 
the spring and summer. McCollum" has called attention to the fact that 
in the United States winter peaks become more prominent as one moves 
north. In Alaska the peak incidence is in the autumn, while in Greenland 
two peaks occur, in October and April. Although the explanation of these 
differences is not at hand, it is assumed that climate is in some way 
important. 

Infectious hepatitis is primarily a disease of childhood, and the 
preponderance of cases falls in the age groups of 5 to 9 and 10 to 15 years. 
However, its potential for attacking young adults and even older ones 
has been well demonstrated in both military and civilian populations. 
McCollum" has pointed out that differences in patterns of age-specific 
rates are related to population density and relative levels of incidence. 
In New York State, the highest rates in rural areas are in the 5 to 9 age 
group in epidemic years, with a shift to older age groups in the inter- 
epidemic years. In contrast, the peak age incidence in New York City is 
in the 20 to 24 age group for both epidemic and interepidemic years. 

Infectious hepatitis is spread by the fecal-oral route, largely by 
person-to-person contact. The carrier and the patient with anicteric 
hepatitis or unrecognized infection are important in the spread of dis- 
ease. Less common but equally impressive are the explosive common 
source outbreaks associated with contaminated water and foods, and it 
is clear that infected food handlers start some food-borne outbreaks. 
The diversity of possible sources of infection is underlined by the recent 
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occurrence of two outbreaks of hepatitis following the ingestion of 
contaminated baked goods.'*: !° Increasing emphasis has been placed on 
the role of raw clams and oysters from polluted waters in transmission 
of disease, and of particular interest in this regard are two outbreaks of 
hepatitis occurring in persons who had previously developed gastro- 
enteritis following the ingestion of contaminated raw shellfish.” © This 
train of events creates the dilemma whether immune serum globulin 
should be administered to persons involved in such outbreaks of gastro- 
enteritis. 

Immune serum globulin may be administered prophylactically to 
lessen the severity of infectious hepatitis. Because of the relatively long 
incubation period, ranging from 15 to 50 days (average 25 to 30 days), 
there is ample time to realize the benefits from its administration after 
known exposure, although it should be given as soon as possible. Its use 
is no longer indicated 5 to 6 weeks after exposure. 

Guide lines for the administration of immune serum globulin in the 
prophylaxis of infectious hepatitis have recently been set down by the 
Public Health Service Advisory Committee on Immunization Practices,” 
relegating its use to (a) persons with exposure to a known case or source 
of infection and (b) persons anticipating continuing or intermittent 
exposure. 

The first category includes household contacts (permanent or 
temporary), contacts in prisons or institutions for the mentally retarded, 
and persons exposed to an identified common source of infection suchas 
water or food. It is not recommended routinely for school, office, factory, 
or hospital contacts except under the circumstances of accidental 
inoculation of blood or serum of patients with hepatitis in the hospital. 
The recommended dosage, given intramuscularly, is 0.5 ml. for persons 
weighing up to 50 pounds, 1.0 ml. for those weighing 50 to 100 pounds, 
and 2.0 ml. for those over 100 pounds. 

The second category is largely concerned with travelers to foreign 
countries where the risk of acquiring hepatitis is highly variable, de- 
pending on the area visited, the living conditions encountered, and the 
duration of stay. The routine administration of immune serum globulin 
is not recommended for United States travelers in Europe, Canada, the 
Caribbean Islands, urban Mexico, Australia, Japan, and New Zealand. 
It is recommended for travelers to Africa, Asia, Central America, rural 
Mexico, the Philippine Islands, South Pacific islands, and South Ameri- 
ca. For short-term travel (1 to 2 months), the recommended dosage is 
the same as that for the first category. For longer-term travel (3 to 6 
months), or residence the following dosage is recommended: 1.0 ml. for 
persons weighing up to 50 pounds, 2.5 ml. for those weighing 50 to 100 
pounds, and 5.0 ml. for those over 100 pounds. 


Serum Hepatitis 


The epidemiology of serum hepatitis presents many unsolved prob- 
lems. Although it has been described in many parts of the world, little 
is actually known about its true incidence, geographic distribution, or 
epidemiologic relationship to infectious hepatitis. The coexistence of 
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virus A and virus B in closely circumscribed areas and the fact that 
these two immunologically distinct viruses, with long and short incuba- 
tion periods, may be transmitted parenterally or orally, complicate the 
situation further. It is only recently that any serious effort has been made 
to report it as an entity to public health authorities. In the United States, 
where it has been a separately reportable disease since 1966, its reported 
incidence has increased sharply and progressively, with major increases 
coming from New York City and the state of California.!? A prime ob- 
stacle to its accurate reporting is, of course, the difficulty in differentia- 
ting between it and infectious hepatitis. At present, the distinction be- 
tween the two is based fundamentally on the history of preceding paren- 
teral exposure to potentially infectious materials. This may occur 
through the medium of (a) transfusions of whole blood or plasma, (b) 
the use of inadequately sterilized instruments for various inoculations, 
or (c) accidental direct contact with the abraded or punctured skin. The 
fact that virus A can also be transmitted parenterally further complicates 
the diagnostic dilemma. 

Common-source outbreaks, such as occur following the use of con- 
taminated pools of plasma, are usually readily defined, but these appear 
to have diminished sharply in frequency in the United States during 
recent years. Transfusions of whole blood appear to be the most fre- 
quent way of spread of serum hepatitis in this country at present. Al- 
though disposable syringes and needles are widely used in the medical 
profession, increasing attention is being given to the importance of 
infection by inadequately sterilized instruments, such as occurs in the 
practice of group administration of narcotics among addicts, and by 
accidental parenteral infection, such as occurs in renal dialysis units, 
laboratories, or operating rooms. An unusual example of parenteral 
infection was described in the report of an outbreak of hepatitis among 
Swedish cross-country runners, in whom the route of infection was 
thought to be by way of scratches on the skin.?? The epidemiologic im- 
portance of infected narcotic addicts extends beyond the confines of 
the addict group, since these people are known to sell their blood to 
blood banks, constituting an important hazard that is well recognized 
but, unfortunately, difficult or impossible to control at present. 

The formation of large numbers of hemodialysis units in recent 
years has brought into sharp focus the risk of infection with hepatitis 
viruses in patients and staff of these units, both here and in Europe. 
Data made available by the Hepatitis Surveillance program show that 
72 out of 124 (58 per cent) hemodialysis centers, participating in a co- 
operative study, reported the occurrence of 274 cases of hepatitis from 
the beginning of their dialysis programs to September 1, 1968. Of these 
cases, 79 (29 per cent) were in the staff, and 195 occurred in patients 
being dialyzed.'® It is assumed that the patients are infected by trans- 
fused blood and the staff by contact with blood from patients with hepa- 
titis in the unit, although other methods of spread may be operative. 
As might be expected, the severity of disease was much greater among 
patients. A comparison of two groups of icteric cases during a survey 
between October 1, 1967 and September 1, 1968 revealed'a mortality 
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of 23 per cent in 31 icteric patient cases, while there were no deaths ina 
group of 23 staff cases. That staff is not always spared serious conse- 
quences, however, is attested by the occurrence of several fatal cases 
among the staff in hemodialysis units in Europe.' The hazard of infection 
of staff is high and appears to be about three times greater for nurses 
and technicians than for physicians. Recognition of this risk sometimes 
makes it difficult to recruit staff, and more than one unit has been tem- 
porarily unable to function because of this situation. 

A variety of security measures against hepatitis are used in dialysis 
units including, among others, the use of gloves for personnel handling 
shunts and cleaning the machines and the administration of gamma 
globulin to staff. The frequent determination of serum transaminases 
and, more recently, the detection of Australia antigen in patients and 
staff are used to monitor the situation.'* However, the practice of any 
one or all of these measures, while increasing, is highly variable and 
apparently far from universal. At present, there is insufficient evidence 
available to determine which prophylactic program is the most effective. 
The administration of immune serum globulin to staff is increasingly 
widely practiced, but its effectiveness is not clearly defined. In one 
recently described group of 27 staff cases, 13 (48.1 per cent) had received 
immune globulin within 5 months before the onset of disease.” 

The control of serum hepatitis associated with transfusions of blood 
is largely the responsibility of the physician. Care in the selection of 
donors and the administration of blood only when vitally necessary are 
of key importance. Attempts to detect carriers with a variety of bio- 
chemical determinations have not been successful. At present, efforts 
are under way in some donor centers to determine the carrier state by 
the detection of Au-SH antigen in the blood of prospective donors.'® 
The results of these trials will be anxiously awaited. 

The prophylactic value of immune serum globulin in serum hepati- 
tis is controversial. Favorable reports of the effectiveness of the admin- 
istration of 10 ml. intramuscularly at the time of transfusion, followed 
by 10 ml. a month later, have not always been duplicated by other 
workers. At present, it would appear that while it may be justifiable to 
administer immune serum globulin in certain situations following trans- 
fusion, there is insufficient evidence to recommend that it be given 
routinely to all recipients of whole blood.”* 
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Nutritional Deficiencies in 
Liver Disease 
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Much attention has been focused on nutritional deficiencies 
in the treatment of liver disease; however, considerable difference of 
opinion exists with regard to their importance in the pathogenesis and 
sequelae of hepatic injury. The relationship of malnutrition to liver 
disease has been investigated by correlating dietary histories with histo- 
pathologic studies, and observing effects of diet, vitamins, and food sup- 
plements on encountered lesions. Many believe that poor dietary habits 
are directly responsible for certain hepatic disorders;** *° some feel that 
undernutrition only predisposes the liver to injury by endogenous or 
exogenous noxious substances;””? while others contend that nutritional 
deficiency plays a negligible role in the pathogenesis of liver disease.*® 
If either of the first two postulates is correct, the exact role of nutritional 
deficiencies in development of liver disease must be clarified to interrupt 
the rapidly rising morbidity and mortality from liver disease.**** It is 
also necessary to establish more precisely the nutrient needs for repair 
of liver injury and proper support of patients with hepatic disease who 
are subjected to surgical procedures. 


ROLE OF NUTRITIONAL DEFICIENCY IN PATHOGENESIS 
Fatty Liver 


Dietary deficiency is more closely related to fatty liver than any other 
hepatic disease. Rats fed diets deficient in choline and its precursors 
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develop centrilobular fatty infiltration,’ whereas littermates receiving a 
low protein intake and normal choline develop peripheral fatty infiltra- 
tion. Identical morphologic changes have been noted in man; fatty 
metamorphosis which begins in the centrilobular area is seen in patients 
fed only carbohydrate for long periods (Fig. 1A),?’ and fatty changes 
initially localized to the periphery of the hepatic lobule occur in protein- 
deficient subjects with kwashiorkor."' Dietary imbalance is a key feature 
of such regimens, since persons with total starvation do not develop 
fatty liver. Moreover, other factors are usually contributory to the fatty 
liver encountered in patients with alcoholism, diabetes, obesity, Wilson’s 
disease, etc. 

Most of the controversy has arisen about the relative role of large 
intakes of ethanol and dietary deficiency in fatty liver in chronic alco- 


Figure 1. A, Fatty liver which developed in a patient maintained on intravenous glu- 
cose without protein for 30 days. B, Cirrhosis with fatty metamorphosis which occurred ina 
patient on a self-imposed high-carbohydrate, low-protein diet for a period of 5 years, in the 
absence of other known factors which produce liver injury. : 
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holics. Proponents of the thesis that diet is the critical determinant in 
fatty liver of alcoholics emphasize the role of alcohol calories in creating 
nutrient imbalance.’ Fat accumulates in the liver of volunteers fed 
moderate amounts of ethanol in the setting of a normal diet;2* 3° how- 
ever, such changes are diminished by a high protein intake or andro- 
genic-anabolic steroids,!° and may disappear despite continuing alcohol 
intake if an adequate diet is continued.” Hepatic steatosis may result 
from metabolic effects of ethanol, but recent studies suggest that 
ethanol-induced alterations in absorption or utilization of ingested food 
are also important.*! On the other hand, many chronic alcoholics with 
overt stigmata of malnutrition exhibit normal liver structure and func- 
tion, so that factors as yet not defined determine susceptibility of alco- 
holics to fatty liver. 


Hepatitis 


Liver cell necrosis is produced in experimental animals by either 
chemical agents or diets deficient in cystine, vitamin E, and selenium.” 
The prophylactic value of diets in hepatic necrosis varies; in some in- 
stances high protein intake protects the liver from toxic injury, while in 
others a low-protein diet prevents injury.®? Steatonecrosis associated 
with alcoholism represents, in man, the necrotic liver lesion that has the 
clearest relationship to malnutrition. Hyaline bodies, characteristic of 
this condition, represent degenerated mitochondria or endoplasmic 
reticulum.!® In our experience, each of our alcoholics with this lesion 
has eaten poorly while consuming large amounts of alcoholic beverages; 
on the other hand, identical lesions have been noted in nonalcoholics 
with cirrhosis in India,** and in reformed alcoholics with cirrhosis who 
develop intercurrent infection or gastrointestinal bleeding. 


Cirrhosis 


Choline deficiency alone or a combination of choline and protein de- 
ficiency leads to diffuse granular cirrhosis, whereas a deficiency of 
sulfur-containing amino acids or vitamin E is followed by postnecrotic 
cirrhosis in experimental animals.'* We have encountered only one pa- 
tient, a physician, in whom dietary factors alone may have been respon- 
sible for the development of Laennec’s cirrhosis (Fig. 1B). For several 
years this patient had consumed a low-protein diet with approximately 
3000 calories being derived from sweetened coffee daily. There was 
complete abstinence from alcoholic beverages and no evidence of hepa- 
titis or other disease leading to liver injury. 

Cirrhosis is frequently seen in patients who have eaten poorly and 
consumed moderate amounts of alcoholic beverages. Serial liver biopsies 
showed transformation of a noncirrhotic to a cirrhotic liver in 26 mal- 
nourished alcoholics, each of whom had principally ingested carbo- 
hydrate-containing foods for 2 to 8 years.” Steatonecrosis was initially 
present in each of these patients and would appear to be the bridge be- 
tween normal liver and cirrhosis in this group. Three volunteers in whom 
steatonecrosis was induced by ethanol and a low-protein diet had restora- 
tion of normal liver histology when androgenic-anabolic steroids were 
added to their regimen."® 
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Hepatoma 


Prolonged choline deficiency in rats ultimately leads to cirrhosis 
with hepatoma.’ Neoplastic changes are also produced following pro- 
longed administration of ethionine* or bentonite,’? which induce meth- 
ionine and choline deficiency, respectively. It has been suggested that 
alcohol and malnutrition are of importance in the development of hepa- 
toma in alcoholics, but epidemiologic studies fail to confirm this postu- 
late.“ On the other hand, contamination of food with fungi-containing 
aflatoxin and other chemicals which produce greater hepatic injury in 
the presence of protein deficiency has been held responsible for the high 
incidence of hepatoma in underdeveloped countries.' 


INFLUENCE OF LIVER INJURY ON 
NUTRITIONAL BALANCE 


Clinical features of nutritional imbalance, including alterations of 
carbohydrate, fat, protein, vitamin, and mineral metabolism, are fre- 
quent in patients with liver disease due to several factors: (a) failure to 
ingest increased quantities of nutrients needed to supply normal require- 
ments and repair tissue damage; (b) decreased intestinal absorption of 
ingested nutrients; and (c) failure to store or convert absorbed nutrients 
into their metabolically active forms. Patients with active liver disease 
require extra nutrients to repair tissue damage; failure to supply such 
nutrients leads to a deficiency state. Support for this thesis is provided 
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Figure 2. Development of laboratory evidence of folate deficiency in a volunteer in 
whom steatonecrosis was induced by ethanol. 
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by studies of folate metabolism in liver injury induced in volunteers by 
ethanol. Such patients regularly become folate deficient unless extra 
folate is provided (Fig. 2). During later phases of liver injury, nutrient 
deficiency is more common because of reduction in food intake due to 
anorexia, flatulence, general debility, and sensorial changes. 

Despite an adequate dietary intake, patients with liver disease may 
develop a deficiency state because of reduced absorption of ingested food- 
stuffs. Malabsorption of dietary fats and lipid-soluble vitamins occurs in 
biliary obstruction and is often seen in other causes of chronic liver 
injury. Reduced intestinal transport has been attributed to a deficiency 
of bile salts, pancreatic dysfunction, and extraluminal alterations atten- 
dant to the liver disease. Gross steatorrhea is occasionally present; many 
have increased 24 hour fecal fat content.*® There is usually a concomitant 
defect in the absorption of vitamins A,” K,* E,!° and D.'" 

Impaired absorption of calcium,'* magnesium,’ and selected B- 
complex vitamins’ has also been documented in patients with liver 
disease. Illustrative are the recent observations on thiamine hydrochlo- 
ride, whose intestinal transport is rate-limited in normal subjects. It was 
found that absorption of *°S-labeled thiamine hydrochloride is markedly 
decreased; much less radioactivity appears in the blood and urine," with 
greater amounts occurring in feces, in patients with cirrhosis.? Absorp- 
tion of this vitamin returned to normal after a 6 to 8 week period of a 
nutritious vitamin-supplemented diet in subjects with active cirrhosis 
(Fig. 3). 

Malutilization of absorbed nutrients constitutes the most important 
cause of nutritional imbalance in liver disease. Events which follow 
partial resection of the liver after trauma or for removal of tumors or 
cysts provide the clearest evidence of the influence of reduced functional 
liver mass on nutrient balance.*! There is decreased ability to synthesize 
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Figure 3. Absorption of *°S thiamine hydrochloride in a patient with active liver disease 
before and after treatment. 
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Figure 4. Use of salt-poor albumin to support the circulation and mobilize fluid in a 
patient with severe end-stage liver disease, ascites, and mental alterations. 


albumin and protein clotting factors, regulate carbohydrate and lipid 
metabolism, and convert vitamins into enzymatic forms. Resulting 
hypoalbuminemia, hypoglycemia, or vitamin depletion syndromes re- 
quire urgent replacement therapy. Similar end-stage alterations occur 
with chronic liver disease and necessitate similar therapeutic ap- 
proaches (Fig. 4). 


NUTRITIONAL DEFICIENCY AND CLINICAL FEATURES 
OF LIVER DISEASE 


Many signs and symptoms encountered in patients with liver disease 
are attributable to nutrient deficiency; for example, a cause and effect 
relationship has been established between sensorial changes and pro- 
tein intolerance, and between peripheral neuropathy and B-complex 
vitamin deficiency. Classic features of beriberi, pellagra, and scurvy in 
malnourished patients with cirrhosis present little problem. In contrast, 
most patients have subclinical alterations with nonspecific symptoms, 
and it is necessary to obtain laboratory studies in order to detect a defi- 
ciency state. We have routinely evaluated serum protein partitions and 
measured circulating levels of folic acid, vitamin B,, and thiamine in 
our patients with chronic hepatic disease. Other vitamins, minerals, 
and enzymes including red blood cell transketolase have been measured 
when warranted by clinical features.” 

Glossitis is the most frequently encountered clinical stigma of nu- 
tritional deficiency in liver disease. It provides evidence of tissue injury 
and permits serial follow-up of the effectiveness of replacement therapy. 
Isolated deficits of nicotinic acid, riboflavin, folic acid, vitamin B,, vita- 
min B,, or biotin may each produce this sign.”* Many patients with liver 
disease and glossitis have protein deficiency; in these instances both vita- 
min and protein therapy is necessary to correct tongue changes. 

Symptoms due to anemia constitute the second most common mani- 
festation of a deficiency state. Anemia is usually due to blood loss without 
adequate iron replacement; however, in patients with persistent hepati- 
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Figure 5. Influence of folic acid therapy on megaloblastosis, in vitro hepatic DNA 
synthesis, and hyperbilirubinemia in a malnourished alcoholic patient with aregenerative 
phase of steatonecrosis. 


tis or cirrhosis, it often results from deficiency of folic acid or vitamin 
B,.*’ In these instances replacement therapy is often followed by an in- 
crease in hepatic reserve (Fig. 5). Less frequently, inadequate vitamin 
B,. or vitamin C may be responsible. Despite correction of circulating 
and tissue levels of vitamins and protein, hematologic alterations may 
persist because of inability to utilize these substances. 

Neurologic and neuropsychiatric diseases which result from specific 
vitamin deficiencies in liver disease are also a major cause of disability. 
Peripheral neuropathy is due to a deficiency of thiamine in 80 per cent of 
patients, while it results from lack of nicotinic acid, pantothenic acid, 
and vitamin B, in 10 to 15 per cent.'® Multiple deficiencies are often 
present, and general replacement is desirable to insure proper utilization 
of the vitamin responsible for the neuropathy.'' Thiamine depletion 
syndromes may be refractory to therapy until folic acid and vitamin B,, 
deficiencies are corrected.® Multiple deficiency states precipitate changes 
or aggravate hepatic encephalopathy. Occasionally, provision of 
vitamin B,, arginine, or tryptophan may ameliorate mental aberrations 
previously refractory to protein restriction and antibiotics (Fig. 6). 


NUTRITIONAL THERAPY IN LIVER DISEASE 


Nutritional therapy designed to protect uninjured liver cells, repair 
damaged cells, and produce new hepatocytes is the cornerstone of 
modern treatment of liver disease. In addition, it is necessary to offer 
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Figure 6. Influence of vitamin B, therapy on sensorial changes, blood ammonia, and 
hepatic DNA synthesis in alcoholics with cirrhosis. 


symptomatic and supportive therapy while awaiting repair or regenera- 
tion of liver cells. Corrective therapy should be monitored by appropriate 
laboratory tests, including assessment of nutritional status and liver 
function. Measurement of circulating levels of protein, minerals, and 
vitamins provides an over-all view of nutritional balance. Liver function 
is best evaluated by studies of the removal rate of indocyanine green,** 
and regenerative capacity can now be investigated directly by in vitro 
studies of hepatic DNA synthesis.* The latter procedure permits 
recognition of an aregenerative phase of liver injury and assessment of 
the influence of various therapeutic regimens on liver regeneration.” 

Extra protein, vitamins, and minerals are needed to correct malnu- 
trition, provide normal daily requirements of these nutrients, and furnish 
additional needs for new cell formation. A remarkable reduction in 
morbidity and mortality has occurred by increased recognition and 
correction of folic acid deficiency to permit DNA synthesis and new cell 
formation in cirrhosis.*?*>" The diet and administered supplements 
should be modified to insure maximum absorption. Frequent small 
appetizing feedings are desirable to provide a balanced diet with suffi- 
cient calories. The following special therapeutic measures are indicated: 

1. Patients with overt steatorrhea should have bile salt therapy in 
the presence of chronic obstructive jaundice, with or without medium- 
chain triglycerides. Medium-chain triglycerides may be particularly 
valuable in cirrhosis with steatorrhea.* Increased fat absorption and 
assimilation facilitate restoration of caloric balance and maintenance of 
an anabolic state. 

2. Parenteral vitamins including folic acid, which is lacking in many 
commercially available preparations, should be given initially to correct 
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Figure 7. Comparative intestinal absorption of thiamine hydrochloride, thiamine pyro- 
phosphate, and thiamine propyl disulfide. 


and avoid overt deficiency states. Therapeutic amounts of vitamins 
(10 to 20 times the established daily minimum) should then be given by 
mouth for the duration of active liver disease. Research now underway 
will hopefully provide a series of more readily absorbed vitamin ana- 
logues to facilitate maintenance of vitamin balance by oral therapy (Fig. 
iD: 

3. Protein should be provided in amounts which can be tolerated. 
Antibiotics should be used as adjuncts to increase protein tolerance in 
patients with liver failure. Protein anabolism should be accelerated by 
use of androgenic-anabolic steroids in patients with liver disease and 
recurrent hypoglycemia, marked steatosis, or hypoprothrombinemia 
refractory to vitamin K. 

4. Parenteral albumin, glucose, and fresh whole blood should be 
given in patients with massive liver necrosis or after hepatic resection, 
and at other intervals when the liver is unable to synthesize albumin, 
regulate carbohydrate balance, or cope with alterations in oxygen regu- 
lation.® Prevention of hypoalbuminemia, hypoglycemia, and hypoxia are 
of prime consideration in maintaining body homeostasis in patients 
with hepatic insufficiency. 


SUMMARY AND CONCLUSIONS 


1. Nutritional deficiency is of both etioloic and therapeutic impor- 
tance in patients with liver disease. Prospective studies of 26 alcoholics 
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who exhibited transformation of a noncirrhotic to a cirrhotic liver 
indicate that both nutrient deficiency and ethanol toxicity contributed 
to progressive hepatic injury in these instances. 

2. Catabolic phases of liver injury characteristically lead to nutri- 
tional deficiency because of inadequate food intake, malabsorption of 
ingested foodstuffs, and reduced ability of the diseased liver to convert 
absorbed nutrients into useful forms. Recognition and correction of 
nutrient deficiency imposed by these factors may forestall further he- 
patic damage. 

3. A nutritious diet and appropriate supplements are essential in 
patients with liver disease, regardless of its etiology, to replace nutrient 
loss and provide extra protein, vitamins, and minerals needed for liver 
repair and regeneration. Response to therapy should be monitored by 
laboratory measurement of circulating nutrients and assessment of 
hepatic status. 


REFERENCES 


1. Alpert, M. E., Hutt, M. S. R., and Davidson, C. S.: Primary hepatoma in Uganda. A pro- 
spective clinical and epidemiologic study of forty-six patients. Amer. J. Med., 46:794, 
1969. 

2. Baker, H., and Frank, O.: Clinical Vitaminology: Methods and Interpretation. New York, 
Interscience Publishers, 1969. 

3. Baker, H., Frank, O., Ziffer, H., Goldfarb, S., Leevy, C. M., and Sobotka, H.: Effect of 
hepatic disease on liver B-complex vitamin titres. Amer. J. Clin. Nutr., 14:1, 1964. 

4. Best, C. H., and Huntsman, M. E.: The effects of the components of lecithine upon dis- 
position of fat in the liver. J. Physiol., 75:405, 1932. 

5. Bick, M., and Crosby, W. M.: Chemical changes in stored blood. Med. J. Australia, 2:61, 
1967. 

6. Cole, M., Turner, A., Frank, O., Baker, H., and Leevy, C. M.: Extraocular palsy and thia- 
mine therapy in Wernicke’s encephalopathy. Amer. J. Clin. Nutr., 22:44, 1969. 

7. Copeland, D. H., and Salmon, W. D.: The occurrence of neoplasms in the liver, lungs and 
other tissues of rats as a result of prolonged choline deficiency. Amer. J. Path., 22:1059, 
1946. 

8. Davis, J. N. P.: The essential pathology of kwashiorkor. Lancet, 1:317, 1948. 

9. Fankishen, D. D., Raskin, D., Adeksandra, D., and Wallach, S.: The significance of hypo- 
magnesemia in alcoholic patients. Amer. J. Med., 37:803, 1964. 

10. Fennelly, J., Frank, O., Baker, H., and Leevy, C. M.: Peripheral neuropathy of the alco- 
holic. I. Etiologic role of thiamine and other B-complex vitamins. Brit. Med. J., 2:1290, 
1964. 

11. Fennelly, J., Frank, O., Baker, H., and Leevy, C. M.: Red blood cell transketolase activity 
in malnourished alcoholics with cirrhosis. Amer. J. Clin. Nutr., 20:946, 1967. 

12. Goodman, D. S., Blumstrand, R., Werner, B., Houng, H. S., and Shiratori, T.: Absorption 
and metabolism of radioactive B carotene and vitamin A in man. J. Clin. Invest., 44: 
1054, 1965. 

13. Harinasuta, U., Chomet, B., Ishak, K., and Zimmerman, H. J.: Steatonecrosis, Mallory 
body type. Medicine, 46:141, 1967. 

14. Hartroft, W. S.: Experimental cirrhosis. In The Liver. New York, Academic Press, Vol. 2, 
p. 477, 1964. 

15. Hartroft, W. S.: Alcohol metabolism and liver disease. Fed. Proc., 26:1432, 1967. 

16. Jabbari, M., and Leevy, C. M.: Protein anabolism and fatty liver of the alcoholic. Medicine, 
46:131, 1967. 

17. Kehayoglou, A. K., Holdsworth, C. D., Agnew, J. E., Whelton, M. J., and Sherlock, S.: 
Bone disease and calcium absorption in primary biliary cirrhosis with special refer- 
ence to vitamin D therapy. Lancet, 1:715, 1968. 

18. Kehayoglou, A. K., Williams, N. S., Whimsler, W. F., and Holdsworth, C. D.: Calcium 
absorption in the normal, bile duct ligated, and cirrhotic rat with observations on the 
effect of long- and medium-chain triglycerides. Gut, 9:597, 1968. 

19. Klatskin, G., and Krehl, W. A.: The significance of the plasma tocopherol concentration 
and of tocopherol tolerance tests in liver disease. J. Clin. Invest., 29:1528, 1950. 


NUTRITIONAL DEFICIENCIES IN LIVER DISEASE 477 


20. 


47. 


Leevy, C. M.: Nutritional factors in liver disease in man. Amer. J. Clin. Nutr., 7:146, 
1959. 


. Leevy, C. M.: Fatty liver, a study of 270 patients with fatty liver on biopsy with a review 


of the literature. Medicine, 41:249, 1962. 


. Leevy, C. M.: Abnormalities of hepatic DNA synthesis in man. Medicine, 45:423, 1966. 
. Leevy, C. M.: Clinical diagnosis, evaluation and treatment of liver disease in alcoholics. 


Fed. Proc., 26:1474, 1967. 


. Leevy, C. M.: Diagnosis and treatment of chronic liver disease in the disadvantaged. J. 


Nat. Med. Assoc., 61:455, 1969. 


. Leevy, C. M.: Hard liquor and cirrhosis. Thule International Symposium on Alcoholic 


Cirrhosis, Stockholm, 1969, to be published. 


. Leevy, C. M., Gellene, R., and Ning, M.: Primary liver cancer in cirrhosis of the alcoholic. 


Ann. N.Y. Acad. Sci., 114:1026, 1964. 


. Leevy, C. M., Baker, H., tenHove, W., Frank, O., and Cherrick, G. R.: B-complex vitamins 


in liver disease of the alcoholic. Amer. J. Clin. Nutr., 16:339, 1965. 


. Leevy, C. M., Cardi, L., Frank, O., Gellene, R., and Baker, H.: Incidence and significance 


of hypovitaminemia in a randomly selected municipal hospital population. Amer. J. 
Clin. Nutr., 17:259, 1965. 


. Leevy, C. M., Smith, F., Longueville, J., Paumgartner, G., and Howard, M.: Indocyanine 


green clearance as a test for hepatic function. J.A.M.A., 200:236, 1967. 


. Linscheer, W. G., Patterson, J. F., Moore, E. W., Clermont, R. J., Robins, S. J., and Chal- 


mers, T. C.: Medium and long chain fat absorption in patients with cirrhosis. J. Clin. 
Invest., 45:1317, 1966. 


. McDermott, W. V., Greenberger, N. J., Isselbacher, K. J., and Weber, A. L.: Major hepatic 


resection: Diagnostic techniques and metabolic problems. Surgery, 54:56, 1963. 


. McLean, A. E. M., and McLean, E. K.: Diet, enzyme induction and toxic liver injury. Proc. 


World Congress on Nutrition, Prague, 1969. 


. Patek, A. J., Post, J., Ratnoff, O., Mankin, H., and Hillman, R.: Dietary treatment of 


cirrhosis of the liver. J.A.M.A., 138:543, 1948. 


. Popper, H., De La Hueiga, J., and Koch-Weser, D.: Fate of choline in rats with and without 


experimental hepatic injury. J. Lab. Clin. Med., 39:725, 1952. 


. Popper, H., Davidson, C., Leevy, C. M., and Schaffner, F.: The social impact of liver 


disease. New Eng. J. Med., 281:1455, 1969. 


. Porta, E. A., Koch, O. R., and Hartroft, W. S.: A new experimental approach in the study 


of chronic alcoholism. Lab. Invest., in press. 


. Reynolds, T. B., Redeker, A. G., and Kuzma, O. T.: Role of alcohol in pathogenesis of 


alcoholic cirrhosis. In McIntyre, M., and Sherlock, S.: Therapeutic Agents and the 
Liver. Philadelphia, F. A. Davis Co., p. 131. 


. Rubin, E., and Lieber, C. S.: Alcohol-induced hepatic injury in non-alcoholic volunteers. 


New Eng. J. Med., 278:869, 1968. 


. Rubin, E., and Lieber, C.: Malnutrition and liver disease, an overemphasized relation- 


ship. Amer. J. Med., 45:1, 1968. 


. Schwarz, K.: Role of vitamin E, selenium, and related factors in experimental nutrition 


liver disease. Fed. Proc., 24:58, 1965. 


. Scrimshaw, N. S., Behar, M., Arroyone, G., Tejada, C., and Viteri, F.: Kwashiorkor in chil- 


dren and its response to protein therapy. J.A.M.A., 164:555, 1957. 


. Summerskill, W. H. J., and Moertel, C. G.: Malabsorption syndrome associated with 


anicteric liver disease. Gastroenterology, 42:380, 1962. 


. Taylor, J. D., Miller, G. J., Jacques, L. B., and Spinks, J. W. T.: The distribution of adminis- 


tered vitamin K,-C" in rats. Canadian J. Biochem. Physiol., 34:1143, 1956. 


. Thomson, A., Baker, H., and Leevy, C. M.: Thiamine absorption in alcoholism. Amer. J. 


Clin. Nutr., 21:537, 1968. 


. Tomasulo, P. A., Kater, R. M. H., and Iber, F. L.: Impairment of thiamine absorption in 


alcoholism. Amer. J. Clin. Nutr., 21:1341, 1968. 


. Waterlow, J. D., and Bras, G.: Nutritional liver damage in man. Brit. Med. Bull., 13:107, 


1957. 
Wilson, J. W.: Hepatomas in mice on a diet containing bentonite. J. Nat. Cancer Inst., 
14:65, 1952. 


Department of Medicine 

New Jersey College of Medicine and Dentistry 
100 Bergen Street 

Newark, New Jersey 07103 


18 


Bt it ee 


te 


i" — 

7 & : = 7 . 
PRR 3 ats 
> Se 7 
« yy ; ~ : t 
7 as E 

* 6 & 


ene 


ae. 


Chronic Pancreatitis 


J. EDWARD BERK, M.D., ScD.* 
PAW GUTH MD 


Chronic pancreatitis is in many ways a baffling and difficult 
disorder. Its genesis and evolution are beclouded by obscurities, and its 
diagnosis and treatment often confound the clinician. The challenge 
posed by chronic pancreatitis and the large gaps in our knowledge of 
this disorder may be best appreciated by reviewing current concepts of 
its pathogenesis and approaches to its clinical detection and manage- 
ment. 


PATHOGENESIS 


Evidence accumulated from anatomic, physiologic, manometric, 
and clinical studies favors the hypothesis that obstruction of the pan- 
creatic duct leads to the development of acute inflammation in the 
pancreas.’ The intraductal pressure resulting from continued secretion 
of pancreatic juice against this obstruction eventually causes some of 
the intrapancreatic radicles to rupture. When this occurs, pancreatic 
ferments, including pro-elastase,!’* are released into the interstitial 
tissue. Activation of these substances is responsible for proteolytic and 
lipolytic destruction of pancreatic and adjacent tissues. At the same time, 
the vasoactive effects of kinins formed from activated pancreatic kalli- 
kreinogen add to the local damage and may contribute to systemic 
vascular collapse.?> The acute inflammatory changes may completely 
subside without evidence that they had occurred. However, even if the 
pancreas manages to go unscathed, repeated episodes are likely to leave 
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scars and other residue in their wake and ultimately bring about the 
alterations that constitute chronic pancreatitis. 

This pathogenetic concept is attractive for its simplicity. It leaves 
unexplained, however, the failure of some patients who have repeated 
episodes of acute pancreatitis to progress to a stage of chronic pan- 
creatic damage. It also does not satisfactorily account for the insidious 
development of chronic pancreatitis in some patients in whom the dis- 
ease is fully matured when it is first manifested. Furthermore, the sus- 
picion that vascular compromise and intracellular organelle damage 
must also take place and play a role in both the pathogenesis and patho- 
physiology of the disease seems reasonable. 

Either chronic alcoholism or biliary tract disease is found in asso- 
ciation with about 70 per cent of the cases of chronic pancreatitis seen 
in the larger centers in the United States. This high frequency of con- 
currence underlies the widely held belief that alcoholism and biliary 
tract disease are in some way influential in causing chronic pancreatitis. 

Alcohol reputedly acts deleteriously on the pancreas by producing a 
combination of increased pancreatic secretion and pancreatic duct ob- 
struction. The increased secretion is thought to occur principally from 
the release of secretin which, in turn, is induced by the lowered pH in 
the duodenum resulting from the outpouring of alcohol-stimulated gas- 
tric acid secretion. Ductal obstruction is presumed to result from acid- 
induced spasm of the sphincter of Oddi and alcohol-induced edema of 
the papilla of Vater. While these pathogenetic mechanisms seem plau- 
sible and enjoy wide popularity and acceptance, they have not been 
proved to be the operative mechanisms, at least not the sole ones. 

Although choledocholithiasis is a frequent concomitant of acute 
pancreatitis, it is found less often with the chronic forms of the disease, 
especially chronic relapsing pancreatitis, a clinical form marked by 
acute exacerbations of a basically chronic disease. Reflux of infected 
bile into the pancreatic system is the pathogenetic mechanism most 
commonly invoked to relate coexistent gallbladder disease, choledocho- 
lithiasis, or stenosis of the sphincter of Oddi to chronic pancreatitis. 
Biliary-pancreatic reflux demonstrable by intravenous cholangiography, 
however, is rare in normal subjects and patients with pancreatitis.'® 
One probable explanation for this is that pancreatic duct pressure nor- 
mally exceeds biliary duct pressure.?* What is more, the proteolytic en- 
zymes of the pancreas are secreted in the form of inactive precursors, 
and experiments have shown that neither bile, tissue juices, nor inflam- 
matory exudate is capable of activating pancreatic protease.'® On the 
other hand, injection of bile containing free bile acids has been shown 
to produce acute hemorrhagic pancreatitis in some animals.” Since bile 
salts may be deconjugated by bacteria found in bile in the presence of 
chronic cholecystitis or obstruction of the bile duct, it is possible that 
chronic pancreatitis may ensue from coexistent biliary tract disease in 
this manner. 

That a virus may invade the pancreas and produce pancreatitis has 
long been appreciated from clinical experience with mumps. Viral- 
induced pancreatitis has gained more consideration in recent years, 
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however, as the result of observations in lower animals. A viral form of 
infectious pancreatitis has been reported to occur in trout, and acute 
pancreatitis has been induced in mice with Coxsackie virus.*! The ques- 
tion now raised is whether chronic pancreatitis in patients who are not 
alcoholics, who give no history of precedent acute episodes, and who are 
free of biliary tract disease, may originate in a viral infection. Perhaps an 
autoimmune reaction* is initiated by a viral infection and repeated in- 
jury induced by the autoimmune process leads ultimately to chronic 
pancreatitis. 

An hereditary, familial form of chronic pancreatitis has now been 
described in several families. This variant is of particular interest in 
any consideration of the pathogenesis of chronic pancreatitis because of 
the etiological clues it may provide. It appears to be transmitted as an 
autosomal dominant and is associated with excessive urinary excretion 
of lysine or cystine or both. The disorder has an early age of onset and 
displays a peculiar tendency for calculi to form in the larger pancreatic 
ducts. 

Several other disturbances have been noted to occur with chronic 
pancreatitis and are presumed from this association to have a causative 
relationship to the pancreatitis. Among these disorders are hyperpara- 
thyroidism, hyperlipemia and other metabolic disturbances, hemochro- 
matosis, malnutrition, vascular disease, and parasitic infection. All 
are relatively infrequent and need no special discussion. 


DIAGNOSIS 


Clinical Features 


The clinical configuration of chronic pancreatitis defies simple 
definition because of the several guises in which the disease is found. 
Most often there is a history of recurring acute attacks, alluded to by the 
name ‘‘chronic relapsing pancreatitis.”’ Recurring acute painful attacks 
alternate with pain-free intervals of variable duration. The acute epi- 
sodes may occur as frequently as every day or every week, or as infre- 
quently as every few years, and they may last from hours to days. The 
pain, typical of acute pancreatitis, is commonly severe, is most often 
located in the epigastrium or upper left side of the abdomen, and classi- 
cally penetrates straight through to the back. In vain attempts to secure 
relief, the patient characteristically assumes certain postures, such as 
curling up with the knees against the abdomen or stooping with the 
hand pressed against the abdomen. As the disease progresses and dam- 
age to the pancreas increases, anorexia, weakness, weight loss, and 
diarrhea tend to become evident. In some cases, a mass may be felt in 
the upper abdomen. 

Serum amylase and serum lipase values are commonly elevated 
early in each acute episode. Urine amylase excretion is likewise in- 
creased during these exacerbations; this increase continues for even 
longer than does the serum amylase elevation. However, as the pancreas 
becomes progressively and extensively damaged, too few functioning 
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acinar cells may remain to produce an elevation of enzymes during the 
painful seizures. 

Transient hyperglycemia and glycosuria are common during the 
early relapses, and diabetes mellitus often develops as the disease pro- 
gresses. Hyperbilirubinemia is also found fairly frequently during acute 
relapses, and clinically evident jaundice occasionally occurs. 

In contrast to the clinical picture of recurring acute episodes, many 
of which follow bouts of excessive ingestion of alcohol, some patients 
have no history of previous painful attacks. These individuals are us- 
ually seen because of weight loss, diarrhea, and weakness. Occasionally, 
the principal concern is painless jaundice. On examination, they are 
classically found to have diabetes mellitus, steatorrhea, and, very often, 
calcification of the pancreas. 


Laboratory Aids 


StTooL EXAMINATION. Marked steatorrhea secondary to pancreatic 
lipase deficiency is characterized by the passage of pale, bulky, greasy- 
appearing stools. Although similar in many respects in gross appearance 
to the stool of patients with small bowel malabsorption, the stool of 
patients with exocrine pancreatic insufficiency tends to be less frothy 
and less rancid in odor. This is because the amounts of free fatty acids 
and soaps formed from liberated fatty acids are diminished by the re- 
duction in lipase output. The presence of gross oil droplets is particular- 
ly important. These almost invariably appear only with steatorrheic 
stools caused by pancreatic insufficiency.® 

Microscopic examination of suspensions of feces in normal saline 
may provide valuable evidence of defective pancreatic function. When 
such fecal smears are stained with Sudan III, fat globules may be seen 
to occupy a sizable portion of the high-power field. Steatorrhea may be 
confidently inferred when half or more of the field is occupied by these 
stained globules (grade 4 fat content on a scale of 0 to 4). 

Fatty acid crystals are absent or lessened in relative amount because 
of the deficiency of fat-splitting pancreatic lipase. If one or two drops of 
36 per cent acetic acid are added to the fecal suspension and the mix- 
ture is heated over a flame, soaps, which do not stain with Sudan, will 
be reconverted to fatty acids, which do stain. When examined while the 
mixture is still warm, the free fatty acids appear as globules of a deep 
orange color; crystallization occurs with cooling, and the fatty acids then 
exhibit typical spicules.” 

Creatorrhea may be evidenced by the presence of large numbers of 
poorly or incompletely digested meat fibers. These fibers characteris- 
tically retain their cross striations and show sharp corners or edges. 

Quantitative measurements for stool fat and nitrogen content are 
the best means of establishing steatorrhea and creatorrhea caused by 
inadequate pancreatic secretion. When these derangements exist, more 
than 5 to 6 gm. of fat and more than 2.5 gm. of nitrogen are excreted 
in the feces daily. The patient should be given a diet containing 100 gm. 
of fat and 100 to 120 gm. of protein for at least 3 days before the stools 
are collected for these determinations. A marker, suchas charcoal, given 
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by mouth at the beginning and end of the collection period will color 
the stools and identify the material to be examined. To help overcome 
aesthetic objections to collections of feces, large strips of the plastic 
material commonly used for wrapping foodstuffs may be stretched 
loosely beneath the toilet seat, and the deposited feces may then be 
wrapped and stored in a sealed container until required for examination. 

Assay of the feces for pancreatic trypsin and chymotrypsin using 
highly specific synthetic substrates has been advanced as a means of 
identifying pancreatic insufficiency.'® The amount of these fecal en- 
zymes in patients with reduced exocrine pancreatic secretion is dimin- 
ished. 

DUODENAL DRAINAGE AFTER PANCREATIC STIMULATION. This pro- 
cedure is the most direct method of assaying pancreatic function cur- 
rently available.* A double-lumen tube is positioned under fluoroscopic 
control so that the gastric channel aspirates all gastric juice and the du- 
odenal channel aspirates the duodenal contents. The latter, of course, 
includes pancreatic juice. A 20-minute baseline sample is obtained. The 
pancreatic-stimulating hormone, secretin, is then injected intravenously, 
usually in the amount of 1 unit per kg. of body weight. Four 20-minute 
samples are aspirated following this. Normally, the maximum bicarbo- 
nate content is 90 mEq. per liter or more in at least one sample, total 
amylase is no less than 6 units per kg. of body weight, and total volume 
exceeds 2 ml. per kg. of body weight. 

Pancreozymin, another pancreatic-stimulating hormone which acts 
principally to increase enzyme output, may also be given. When both 
hormones are used, it is recommended that the pancreozymin be given 
first, intravenously, in a dose of 90 units.* Duodenal contents are as- 
pirated for 10 minutes, and then the secretin is given. Additional duode- 
nal samples are collected 10, 20, 40, and 60 minutes after secretin in- 
jection. The addition of pancreozymin is thought to increase the sensi- 
tivity of the test by its ability to increase amylase output.’ 

Duodenal drainage after pancreatic stimulation is without question 
a valuable test of pancreatic function. However, it is time-consuming, 
objectional because of the unpleasantness of having to swallow a tube, 
subject to influence by several variables, and technically too demanding 
for general use. 

PROVOCATIVE SERUM ENZYME TEstTs. A simpler method than du- 
odenal drainage for measuring pancreatic function is assay of pancrea- 
tic serum enzyme levels before and after administration of a stimulant 
of pancreatic secretion. If there is pancreatic duct obstruction, as fre- 
quently occurs inchronic pancreatitis, serum amylase and lipase concen- 
trations should rise above baseline levels. The combined administration 
of secretin and pancreozymin appears to be the most effective means of 
stimulating the pancreas to the degree required to effect a rise in these 
serum enzyme levels. Unfortunately, even with such potent pancreatic 
stimulants, Shay et al.*° found positive results in only 50 per cent of pa- 
tients with chronic pancreatitis. 

Use or ™J-LABELED TRIOLEIN AND OxeErc Acrip. If ‘'I-tagged 
triolein is administered orally to a normal individual, pancreatic lipase 
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hydrolyzes the triolein to glycerol and '"I-tagged oleic acid. The labeled 
oleic acid is then absorbed and can readily be detected by the appearance 
of radioactivity in the serum. If no radioactivity appears in the serum, or 
if it fails to rise appreciably after it enters the circulation, this may indi- 
cate either pancreatic insufficiency with failure to digest the fat or small 
bowel malabsorption. These may be differentiated by the subsequent oral 
administration of "I-labeled oleic acid, which is readily taken up into 
the blood when there is pancreatic insufficiency but not when there is 
small bowel disease with impaired intestinal absorption. 

This method of study is appealing for its relative simplicity. Un- 
fortunately, however, it has proved to be relatively insensitive,™ and over- 
lapping results are obtained in pancreatic and small bowel disease. The 
test is more discriminating when radioactivity is measured in the feces 
rather than in the blood. While this modification is more elegant and 
aesthetic than chemical examination of feces for fat content, the results 
are not as reliable. 

STARCH TOLERANCE TEsvT. This test involves comparison of blood 
glucose levels following a standard glucose tolerance test with those 
after a starch meal given on another day.! If normal amounts of pan- 
creatic amylase are present, the starch will be hydrolyzed to glucose and 
a normal glucose tolerance curve will be obtained. If there is a deficiency 
of pancreatic amylase, the serum glucose curve remains flat. Aside from 
the problem of poor patient acceptance because of messy preparation and 
horrible taste, the test has other limitations which have discouraged its 
wide usage. Contamination with salivary amylase causes false negative 
results; the test is not valid when diabetes mellitus requiring insulin is 
present; it does not permit distinction between chronic pancreatitis and 
carcinoma of the pancreas; and it is relatively insensitive, since positive 
results are obtained in only 35 per cent of patients with chronic pancrea- 
titis.? 

SERUM CAROTENE MEASUREMENT. As in many instances of mal- 
nutrition and impaired fat digestion and absorption, the serum carotene 
level is often below the lower limit of normal (50 micrograms per 100 
ml.) in chronic pancreatitis. However, the value rarely drops below 20 
micrograms per 100 ml. in chronic pancreatitis, while this frequently 
occurs in cases of small bowel malabsorption.” 

GLUCOSE TOLERANCE TEsT. Although this test is nonspecific and 
is not pathognomonic for pancreatic disease, it is positive in as many as 
66 per cent of patients with chronic pancreatitis.” 


Radiological Approaches 


ScouT FILM oF ABDOMEN. The abdominal scout film is helpful 
when pancreatic calcifications are clearly demonstrated. These may be 
calculi within the pancreatic ducts or interstitial deposits of calcium 
salts of fatty acids formed during episodes of recurrent pancreatitis. 

CONTRAST STUDIES OF ADJACENT ORGANS. Barium meal study of 
the upper gastrointestinal tract and barium enema may provide evi- 
dence of pancreatitis by disclosing alterations in silhouette or actual 
displacement of the stomach, duodenum, or colon caused by an enlarged 
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pancreas. When such features are found, they are usually caused by a 
cystic mass resulting from a previous acute attack of pancreatitis. 
Straightening and rigidity of the inner aspect of the second portion of 
the duodenum secondary to fibrosis from pancreatitis and periduodenitis 
may also be noted. 

A more recently employed approach, which has the advantage of 
affording much better delineation of the duodenal sweep, is hypotonic 
duodenography. Through injection of an anticholinergic drug, such as 
propantheline bromide (Pro-Banthine), 60 mg. intramuscularly, peris- 
talsis is temporarily arrested in the duodenum. The temporarily para- 
lyzed duodenum is then filled with barium and air. These may be intro- 
duced through a previously passed nasogastric tube, or barium and 
carbonated beverage may be given orally. The filled and distended duode- 
num permits observations of much greater detail than does the con- 
ventional barium meal study of the upper gastrointestinal tract. 
Alterations produced by chronic pancreatitis on the duodenum imine- 
diately adjacent to the head of the gland may, in particular, be more 
clearly seen with this method. 

Results of cholecystography may be entirely normal, especially in 
cases of chronic relapsing pancreatitis. In many cases, however, cho- 
lelithiasis or a nonfunctioning gallbladder is disclosed. Intravenous 
cholangiography may occasionally reveal dilatation of the common bile 
duct with narrowing at its distal end brought about by compression and 
fibrosis from chronic pancreatitis. 

The pancreas may be outlined and cystic or other enlargement of 
the pancreas detected by a complex procedure called pneumoretro- 
peritoneal pancreatography.” In this technique, the stomach and du- 
odenum are opacified with orally administered contrast material 
(Gastrografin) and the biliary and urinary tracts visualized by the intra- 
venous administration of a mixture of organic iodine compounds 
(Duografin). At the same time, the retroperitoneal space is delineated 
by carbon dioxide injected presacrally. Body section roentgenograms 
may be taken to disclose details that might otherwise be hidden. 

PANCREATOGRAPHY. Visualization of the pancreatic duct by direct 
instillation of contrast material provides highly useful information about 
the existence of chronic pancreatitis and related intrapancreatic changes. 
Thus, stricture formation, intraductal calculi, and communication of 
the pancreatic duct with cystic spaces may all be demonstrated. 

Until very recently, pancreatography has required operative du- 
odenotomy to expose the papilla of Vater and permit direct cannulation 
of the pancreatic duct. Advances in fiberoptic duodenoscopy, however, 
have opened new vistas.2° Using a long fiberoptic duodenoscope, a 
cannula may be passed through the papilla of Vater under direct visuali- 
zation and a pancreatogram then obtained by instilling contrast material 
through the cannula. This new nonoperative method appears to hold 
great promise as a diagnostic approach to disorders of the pancreas. 

SELECTIVE ARTERIOGRAPHY. Technical advances which permit 
even greater and more selective filling of pancreatic vessels have in- 
creased the usefulness and applicability of this method of study. Pan- 
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creatic enlargement may be evidenced by displacement or stretching of 
the pancreatic vessels. In contrast to tumors of the pancreas, there is no 
encasement of vessels or staining. Another alteration, to which attention 
has only recently been drawn,” is irregularity of the pancreatic vessels. 
Most often this consists of eccentric, plaque-like changes along the sides 
of the vessels, akin to the changes seen with atherosclerosis. A finding 
which is less often observed, but seemingly more specific, is a beaded 
appearance produced by alternate narrowing and dilatation of the 
intrapancreatic arteries. 


Radioisotope Scan 


The pancreas may be outlined after administration of ”selenium- 
selenomethionine. Radioactivity emanating from this isotope in the 
pancreas may be recorded by means of a printed scan over the pancreas, 
or serial pictures may be taken with a scintillation camera. The classic 
finding is diffusely distributed impairment in uptake of the isotope. 
This change, however, is not specific for chronic pancreatitis. Further- 
more, the liver also takes up selenomethionine and its outline overlaps 
and obscures the pancreatic outline. To help overcome this defect, a 
technique has been developed** whereby two isotopes are given, one 
(technetium-99m or ''I-colloidal gold, for example) which is taken up 
only by the liver, and one (“selenium-selenomethionine) which is taken 
up by both the liver and the pancreas. The liver scan produced by the 
first isotope is then subtracted from that produced by the other. This 
completely removes the liver outline and permits the outline of the 
pancreas to be seen by itself and in much better detail. While a distinct 
improvement, even this technique is not fully dependable or consistent 
in its results. 


TREATMENT 


Medical 


Medical treatment of chronic pancreatitis has three principal ob- 
jectives: (1) to bring about subsidence of an acute exacerbation; (2) to 
prevent further attacks and additional pancreatic destruction; and (3) 
to control the effects of exocrine and endocrine pancreatic insufficiency, 
such as steatorrhea and diabetes mellitus.” 

The treatment of the acute exacerbation is identical with that of 
primary acute pancreatitis. Discussion of this is beyond the scope of 
this paper. 

Medical means to prevent recurring attacks and stay the progression 
of the disease following subsidence of the acute episode are all too few, 
and even these are of limited value. For the patient whose attacks appear 
to be related to the ingestion of alcohol, complete abstinence from 
alcoholic beverages is mandatory. While this prophylactic measure is 
unquestionably wise, the patient all too frequently fails to heed it. Even 
when he does, the disease often is already too far advanced to be checked 
by this measure alone. 
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A bland, low-fat diet and avoidance of overeating are routinely recom- 
mended. Theoretically, at least, these measures should be of value by 
reducing the secretory demand on the pancreas. There are no good con- 
trolled studies, however, to prove their efficacy. Antacids and antisecre- 
tory agents also are prescribed on theoretical grounds to reduce acid- 
stimulated release of secretin and enhance pancreatic enzyme activity 
in the duodenum. The effectiveness of such medications in preventing 
recurrences, however, has not been clearly proved. 

As the disease progresses, pain becomes the most distressing symp- 
tom of chronic relapsing pancreatitis. It commonly is so severe that 
narcotic addiction occurs all too often. Various nonaddicting analgesics 
and tranquilizers may be tried, but they many times fail to provide much 
relief. When pain is prominent and persistent and cannot be controlled 
by drugs, sympathetic nerve or celiac ganglion blocks may be attempted. 
These blocks often fail, however, because structures innervated by 
parietal nerves are also affected; when they do succeed, their pain- 
relieving effect is frequently transient or shortlived. 

Control of pancreatic insufficiency requires management of the 
diabetes as well as the impaired nutrition resulting from excessive loss 
of fat and protein in the stool. Since the diabetes presumably results 
from inflammatory destruction of the islet cells, insulin frequently is 
needed. The excessive loss of fat and protein may be partially com- 
batted by increasing the patient’s intake of these foods on the premise 
that even if more is excreted, more will also be absorbed. However, while 
large amounts of protein are subjectively well tolerated, large amounts 
of fat tend to increase the diarrhea and abdominal discomfort. For this 
reason, it is usually best to restrict the intake of fat to 50 to 70 gm. daily. 
To compensate for the calories lost by this restriction of fat, the amount 
of protein prescribed is high (120 gm. or more), as is the amount of 
carbohydrate (up to 450 gm.). 

If tolerated, an amino acid preparation (such as Stuart Amino Acids) 
may be given in a dosage of one tablespoonful, three to six times daily, to 
help overcome the defective proteolysis. Medium-chain triglycerides 
are also worth trying because of the diminished lipolysis in the gut and 
the greater ease with which these fats are absorbed. Fat absorption in 
patients with pancreatic insufficiency has been observed to improve 
markedly when medium-chain triglycerides are given in place of con- 
ventional dietary fat.!* One commercially available preparation (Porta- 
gen), when prepared as instructed by the manufacturer, supplies 30 cal- 
ories per fluid ounce. This preparation may be given in amounts as high 
as 8 ounces, three or four times daily, along with a conventional low fat 
diet. A completely synthetic, chemically defined diet (Vivonex-100) may 
also be used, either alone or as a supplement to other foods. Each 8 ounce 
glass supplies 300 calories. Even though this preparation appears ad- 
mirably suited to overcome the digestive deficiencies associated with 
advanced chronic pancreatitis, its palatability is poor, it has a tendency 
to produce diarrhea, at least at the beginning of its administration, and 
it is costly. 
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In the presence of pancreatic steatorrhea, generous amounts of 
substitute pancreatic substance (pancreatin) should be added to the diet. 
A variety of suitable pancreatic preparations are commercially avail- 
able. Giulian et al.'* tested the in vitro lipolytic activity of a number of 
such preparations and found that those with the greatest lipolytic activity 
(Cotazym, Lipan, Pancteric granules, and Viokase) were equivalent in 
their action to 12 to 17 ml. of human pancreatic juice. These agents are 
conventionally given three times a day with meals, in doses ranging 
from one to five tablets or capsules (or /4 to 1/2 teaspoonful of granules). 
Jordan and Grossman,2! in a study comparing the effectiveness of the 
standard regimen of Viokase (2.7 gm. given three times daily) with one 
employing 0.66 gm. given hourly for 12 hours, found the latter more 
effective in reducing fecal fat. Kalser et al.” found, however, that ad- 
ministration of 1 gm. of Viokase with each meal (with 30 ml. of alumi- 
num hydroxide gel 15 minutes before each meal) was as effective as the 
hourly administration of 0.66 gm. in three patients with massive pan- 
creatic resections and decreased fat absorption. 

To protect the pancreatic replacement substance from being inac- 
tivated by gastric acid, especially in patients who have high levels of 
gastric secretion or whose pancreatic bicarbonate output is diminished, 
an antacid may be given before or together with the pancreatin. The use 
of antacids in this fashion may significantly improve fat absorption.” 
It is of interest to note in this regard that the lipase in pancreatic prepara- 
tions shows peak lipolytic activity at pH 9." 


Surgical 


Surgery, by and large, is the ultimate refuge when all else fails and 
pain is prominent and uncontrollable. However, this modality also has 
shortcomings. Thirteen years ago, Gross and Comfort wrote, “The large 
number of surgical procedures employed in the treatment of chronic 
pancreatitis reflects the continued efforts, too often unsuccessful, to 
prevent progression of the disease and to prevent and relieve pain.” 
This statement is as applicable today as it was when written. 

Cattell and Warren’s? classification of the surgical procedures em- 
ployed in chronic pancreatitis is given in Table 1. Of 37 patients at the 
Lahey Clinic who underwent a biliary tract operation alone, 56 per cent 
had excellent results and 20 per cent had good results.*” Although chole- 
cystectomy may bring improvement, at least in milder cases of chronic 
pancreatitis,’ this procedure should be reserved for patients who have 
clear evidence of gallbladder disease and cholelithiasis. Choledocholith- 
otomy is distinctly advisable when choledocholithiasis coexists. Diver- 
sionary operations on the bile ducts should be done only when partial 
or complete ductal obstruction is present. Gastric resection or vagotomy 
and pyloroplasty are indicated only for associated gastric or duodenal 
abnormalities that may be benefited by these procedures. Operations on 
the sympathetic or parasympathetic nervous system, once popular, have 
proved to be of little benefit. 

Sphincterotomy was widely used after its advocacy by Doubilet and 
Mulholland,‘ but has been largely abandoned in recent years as a primary 
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Table 1. Classification of Surgical Procedures Employed in 
Chronic Pancreatitis? 


Indirect Procedures 
Biliary tract surgery 
Gastrointestinal diversion 
Nerve interruption 


Direct Procedures 
Sphincterotomy 
Transduodenal pancreatic exploration 
Dilation and intubation of the pancreatic ducts 
Pancreatolithotomy 
Drainage of cysts—internally or externally 
Pancreatico-intestinal anastomosis 
Pancreatic resection 


surgical approach. Since intrapancreatic obstruction is now recognized 
as a major problem in chronic pancreatitis, efforts are being directed 
more toward overcoming this. At the Lahey Clinic,*’ sphincterotomy was 
combined with transduodenal retrograde dilatation, manipulation, and 
intubation of the duct of Wirsung in 74 patients. Excellent results were 
obtained in 56 per cent of these patients, and good results in 25 per cent. 
These compare with good results in 50 per cent of 23 patients treated 
by sphincterotomy alone. It is well to remember, however, that manipula- 
tion of the major pancreatic duct may in itself cause pancreatitis. 

Distal pancreatectomy is indicated when the disease is confined to 
the distal segment of the gland. DuVal* has recommended distal pan- 
createctomy in combination with pancreaticojejunostomy to provide 
retrograde drainage. Jordan and Howard,”? however, did not obtain im- 
pressively satisfactory results with this approach. Although the proce- 
dure may well be effective when there is a single proximal point of ob- 
struction, it will probably be ineffective when there are multiple points 
of obstruction within the remaining gland. 

Because of the frequency with which the pancreatic ductal system 
is involved, Puestow and Gillesby* felt that treatment should provide 
adequate and complete drainage of the pancreas. To accomplish this, 
they devised a method of pancreaticojejunostomy in which the pancrea- 
tic duct is opened and the pancreas anastomosed by enclosure within an 
opened Roux-en-Y defunctionalized jejunal segment.'® Pain relief, re- 
turn to normal pancreatic digestion, and return to normal weight were 
experienced by 75 per cent of the patients treated by Puestow in this 
fashion.*® 

Pancreaticoduodenectomy may be warranted when the disease is 
severe and of long duration, and when more limited operations have 
failed. Since this is a difficult technical procedure and one that entails 
loss of considerable pancreatic substance, it should be elected only when 
less radical procedures have not sufficed and risk can be kept at a mini- 
mum. In some cases, total pancreatectomy will offer the only prospect 
of relief. Warren and Veidenheimer*®’ performed pancreaticoduodenal 
resection in 50 patients with only one death; results were excellent in 33 
per cent and good in 30 per cent. Total pancreatectomy was performed in 
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six patients; an excellent result was obtained in one patient and good 
results in four others. However, the incidence of jejunal ulceration was 
excessive (18 per cent); because of this, Warren and Veidenheimer 
suggest that either more radical gastric resection or vagotomy be done 
when pancreaticoduodenectomy or pancreatectomy is performed. Fry 
and Child'! recommend a 95 per cent pancreatectomy, leaving only a 
cuff of the head of the pancreas attached to the lesser curvature of the 
duodenum. They report 13 excellent, five good, and two poor results in 
20 patients treated in this way. 

From the wide array of surgical procedures recommended, and the 
continual modification of previously recommended procedures, it is 
clear that the ideal surgical procedure has not yet been found. For the 
patient with severe, frequently recurring pain that has not responded to 
medical measures or less radical surgical procedures, it appears that 
either the Puestow type of pancreaticojejunostomy or 95 per cent pan- 
createctomy offer the best hope at this time. 


SUMMARY 


Chronic pancreatitis remains a baffling disorder that bedevils the 
clinician diagnostically and therapeutically. It is found clinically in 
several guises. Alcoholism and biliary tract disease are common asso- 
ciates and appear to play a causative role, although the mechanisms 
through which they operate are still not certain. Diagnostic ability has 
improved in recent years, particularly with advances in selective arteri- 
ography, scintiscanning of the pancreas, and nonoperative pancreatog- 
raphy performed with the aid of a fiberoptic duodenoscope. Even so, the 
disorder is still probably overlooked in many cases and is often not diag- 
nosed until it is well established and advanced. Medical treatment offers 
little more than conservative control of pain and correction of digestive 
and metabolic changes incident to deficiency of exocrine and endocrine 
secretions of the pancreas. Surgery is principally a last resort when pain 
persists and medical management is ineffective. Unfortunately, how- 
ever, the profusion of operative procedures that are advocated provides 
eloquent testimony to the fact that a single and uniformly effective 
operation is still not available. 


DRUGS AND PREPARATIONS NOTED 


Cotazym— Organon, Inc., West Orange, New Jersey 
Duografin—E. R. Squibb & Sons, New York, New York 
Gastrografin—E. R. Squibb & Sons, New York, New York 
Lipan—Spirt and Co., Inc., Waterbury, Connecticut 


Pancreaozymin (‘‘Cecekin”)—G.I.H. Laboratories, Karolinska Institute, 
Stockholm, Sweden 


Panteric— Parke, Davis and Co., Detroit, Michigan 

Portagen—Mead Johnson Laboratories, Evansville, Indiana 

Pro-Banthine—G. D. Searle and Co., Chicago, Illinois 

Secretin—Boots Pure Drug Co., Nottingham, England; G.I.H. Laboratories, 
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Karolinska Institute, Stockholm, Sweden 


Dif 


28. 


Stuart Amino Acids— Stuart, Pasadena, California 
Viokase—VioBin Corporation, Monticello, [linois 
Vivonex— Vivonex and Co., Mountain View, California 
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Status Asthmaticus 


JOSE S. BOCLES, M.D.* 


Status asthmaticus has been defined as an acute exacerba- 
tion of bronchial asthma characterized by a severe and continuous 
bronchospasm refractory to bronchodilators, especially epinephrine and 
aminophylline, and requiring hospitalization.” 

We consider status asthmaticus to be a complication of bronchial 
asthma involving several factors, which frequently are concurrent. 
These factors include allergy, respiratory infection, dehydration, inade- 
quate drug dosage (over and under), and inappropriate medications. 
Formation of mucous plugs is a regular feature and accounts for most of 
the clinical, biochemical and physiological abnormalities. 


PATHOLOGY 


Mucous plugs, occluding the bronchi and bronchioles, are a charac- 
teristic postmortem finding when death has occurred during status 
asthmaticus (Fig. 1).'*°! The bronchi most affected are those from 2 
to 5 mm. in diameter. These airways appear filled with a basophilic 
secretion (PAS positive) containing numerous eosinophils and some- 
times with Curshmann’s spirals and Charcot-Leyden crystals. When 
infection is present, as it commonly is, there will be typical findings of 
suppuration. The bronchial wall is thickened by edema, congestion, and 
hypertrophy of glands distended with mucus. Often the smooth muscle 
is also hypertrophied. The bronchial epithelium is infiltrated with eosino- 
phils and lymphocytes, and it is characteristic that stocks of epithelium 
are shed into the lumen. Goblet cells replace many of the ciliated cells. 
The basement membrane is thickened and hyalinized. The lungs are 
overinflated, but no destruction of alveolar walls is observed. Small 
collapsed areas are generally found, which together with obstruction 
from tenacious mucous plugs account for the observed venous ad- 
mixture abnormalities. 

These gross and histologic features provide two important conclu- 
sions: (1) the observed changes are reversible; (2) the inspissated 
mucous plugs can cause asphyxiation. 


*Clinical Assistant Professor of Medicine, University of Miami School of Medicine, Miami, 
Florida 
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Figure 1. Photomicrograph showing a small bronchus distended by mucus plugs con- 
taining eosinophils and bronchial epithelial cells. The patient was a 27 year old woman who 
died in status asthmaticus. 


DIFFERENTIAL DIAGNOSIS 


Although it is true that ‘‘all that wheezes is not asthma,” the diagno- 
sis of status asthmaticus is usually not difficult. Foreign bodies in chil- 
dren, and endobronchial or peribronchial lesions (bronchogenic carci- 
noma, mediastinal nodes, etc.) in adults or elderly patients are unilateral. 
Paroxysmal nocturnal dyspnea due to acute left ventricular failure 
(cardiac asthma), or pulmonary embolism with bronchospastic mani- 
festations, could be misinterpreted. The most difficult to distinguish is 
the asthmatic who simultaneously develops left ventricular failure — for 
example, an elderly person with long-standing asthma. Precipitating or 
complicating disorders, such as pneumothorax, pneumomediastinum, 
pneumonia, and atelectasis, should be always kept in mind and chest 
x-rays should be taken immediately. 


PATHOLOGIC PHYSIOLOGY 


Biochemical and immunological studies suggest that interaction of 
antigen and antibody (skin sensitizing antibody) at the level of the 
bronchial wall will release pharmacologically active substances respon- 
sible for the airway obstruction in bronchial asthma.?* *” 

Among these substances, histamine and SRS-A (slow reactive sub- 
stance of anaphylaxis) have been extensively studied and appear to be 
the most important, although others, such as serotonin, bradykinin, 
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and acetylcholine, may participate in the production of the three typical 
abnormalities observed in the bronchial tree during an asthmatic epi- 
sode: (1) mucous hypersecretion; (2) mucosal edema; (3) smooth muscle 
contraction. 

The experimental production of unilateral bronchospasm when a 
specific antigen is introduced during bronchospirometry,’ as well as the 
observed nonuniform distribution of inspired gas,’* using either the 
single breath nitrogen,* the helium closed circuit,® or radioactive xenon 
techniques,’ indicate that the interaction between the antigen and the 
antibody affects separate and distinct areas.’ Such areas, with reduced 
alveolar ventilation due to the corresponding obstructed bronchi or 
bronchioles, will be intermingled with unaffected areas, which will 
have normal or increased alveolar ventilation. 

In an attempt to detect patterns of gas exchange, arterial blood 
studies were performed upon 51 patients with classic asthma with acute 
exacerbation who were admitted to our hospital for management. The 
bronchospasm was uniformly severe, and most patients were considered 
to be in status asthmaticus. The findings were all obtained by the ‘‘stick”’ 
technique and prior to any therapy at the hospital. Criteria for classic 
asthma included onset of symptoms below 30 years of age, a history of 
symptom-free intervals, a personal or family history of atopy, and physio- 
logic evidence of airway obstruction by the conventional methods with 
improvement to or near normal values after treatment or spontaneously. 

As noted by other authors,?®* 27 #: 46 °?»>8 most patients (46 out of 51) 
showed hypoxemia of varied degree. Hypocapnia was observed in 35, 
hypercapnia in 7, and normocapnia in 9 patients. The arterial pH was 
alkalotic in 32, acidotic in 7, and normal in the remaining 12 patients. 

As will be observed in Figure 2, the 51 patients were classified into 
five groups, based on the levels of oxygen, carbon dioxide tension, and 
pH. Six patients with normal oxygen tension comprised the first group. 
All of them showed respiratory alkalosis: the mean carbon dioxide ten- 
sion was 27 mm. Hg and the mean pH was 7.51. 
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All patients with hypoxemia and noncompensated respiratory alka- 
losis were included in the second group. Almost 50 per cent of all studied 
cases (25 out of 51) were in this group. The mean oxygen tension was 63 
mm. Hg, the mean carbon dioxide tension was 27 mm. Hg, and the mean 
pH was 7.53. 

The third group consisted of eight patients who had hypoxemia and 
normal carbon dioxide tension and pH. The mean oxygen tension was 
52 mm. Hg. The mean carbon dioxide tension was 39 mm. Hg and the 
mean pH was 7.41. 

Six patients had hypoxemia and noncompensated respiratory acido- 
sis. The mean oxygen tension was 42 mm. Hg, the mean carbon dioxide 
was 54 mm. Hg, and the mean pH was 7.31. 

Finally, the remaining six patients showed combined acid-base im- 
balance and were included in a fifth group. 

Based on these findings, the following sequential stages of gas 
exchange are postulated (Fig. 3). (1) There is an initial stage of respira- 
tory alkalosis with normal oxygen tension. Apprehension and anxiety, a 
regular feature, stretching reflexes arising from the chest, and the fear 
associated with an arterial puncture, all contribute to the hyperventila- 
tion. (2) A second stage is characterized by hypoxemia of moderate 
degree associated with respiratory alkalosis resulting from localized 
areas of diminished ventilation in relation to perfusion, alternating with 
other areas of increased alveolar ventilation, which can wash out carbon 
dioxide in excess; hence, arterial carbon dioxide is low because the over- 
ventilated areas remove more carbon dioxide than is retained in the 
areas with diminished ventilation due to the airway obstruction. Due to 
the configuration of the hemoglobin dissociation curve, the net balance 
of all hyperventilated and hypoventilated areas will still result in hypox- 
emia. (3) In the third stage the airway obstruction is more pronounced; 


AIRWAY OXYGEN CARBON DIOXIDE pH ACID-BASE 
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NORMAL HYPOCAPNIA ALKALINE RESPIRATORY 
ALKALOSIS 
HYPOXEMIA HYPOCAPNIA ALKALINE RESPIRATORY 
Mild ALKALOSIS 


HYPOXEMIA NORMAL 
Mod. severe 
HYPOXEMIA HYPERCAPNIA ACID RESPIRATORY 
severe ACIDOSIS 


Figure 3. Stages in bronchial asthma during acute exacerbation. 
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therefore the hypoxemia is more marked, and the balance between the 
areas of low and high ventilation is such that the mixed arterial blood of 
the pulmonary veins has a normal carbon dioxide tension and normal 
pH. Although the observation of a normal carbon dioxide and normal pH 
would appear to offer a better outlook than the previous stage, for the 
reasons just described, this third stage of hypoxemia, normal carbon 
dioxide tension, and normal pH would actually signify further compro- 
mise of the lung parenchyma by the obstructive process. This stage has 
also been recently noted by other authors?’ ”* 34*6 and should alert the 
physician to the need for serial arterial blood studies. (4) Finally, in the 
last stage, the regional areas of alveolar hypoventilation are greater than 
the hyperventilated areas, and carbon dioxide retention and an acidotic 
pH will ensue. In addition the hypoxemia will be more severe than in the 
previous stage. 

To demonstrate that the mechanism of hypoxemia in the acute 
asthmatic is the reflection of a venous admixture-like defect rather than 
generalized alveolar hypoventilation, such as occurs in classic emphy- 
sema, the oxygen tension values of the asthmatic patients were compared 
to those obtained from emphysematous patients during acute exacerba- 
tion (Fig. 4). It will be noted that the hypoxemia of the asthmatic was 
out of proportion to the degree of carbon dioxide retention. Atelectatic 
areas caused by deficiency of surfactant activity might also contribute 
to the venous admixture. Regional pulmonary vasoconstriction resulting 
from hypoxemia and hypercarbia would lead to impairment in surfactant 
activity. 

A final comment regarding these studies was that there was no cor- 
relation between the clinical evaluation and these different stages, 
thereby emphasizing the value of arterial blood findings. 
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Figure 4. Arterial oxygen and carbon dioxide tensions in asthma and emphysema during 
acute exacerbation. 
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MANAGEMENT 


The basic principles of management include: (1) establishment of 
patent airways; (2) adequate ventilation; (3) adequate oxygenation; (4) 
adequate hydration; (5) anti-infective agents; (6) correction of acid- 
base imbalance. 

Routine laboratory tests, including complete blood count, electro- 
lytes, chemistries, electrocardiogram, sputum Gram and Wright stains, 
culture, and sensitivities are ordered, but priority is given to the arterial 
blood gases and chest x-rays, which are obtained before any therapy is 
instituted. 

AMINOPHYLLINE. Aminophylline is the fastest-acting broncho- 
dilator in status asthmaticus, since epinephrine is usually ineffective. It 
is also an excellent stimulant of the respiratory center, a fact to remem- 
ber especially in patients with status asthmaticus who might be seen 
initially with marked depression, either due to the progression of the 
condition or precipitated by the injudicious use of sedatives, as is fre- 
quently observed in patients upon arrival at the hospital. 

In status asthmaticus, aminophylline is administered intravenously, 
either 250 to 500 mg. injected no faster than 25 mg. per minute, or 250 
to 500 mg. in 500 ml. of 5 per cent dextrose in water in 20 to 30 minutes, 
or by slow intravenous drip in 1000 ml. of 5 per cent dextrose in water 
or 5 per cent dextrose in half normal saline every 4 to 8 hours, depending 
on the urgency of the need. It might also be given as a suppository, 
or in a retention enema. It is not advisable to use the oral preparation 
because of gastric irritation, although this is not precluded by employing 
other routes. Adults should receive no more than 2 gm. of aminophylline 
in 24 hours. Toxic effects include nausea, vomiting, gastrointestinal 
bleeding (rare), irritability, and even death, the latter especially in 
children. Cardiac arrhythmias, sometimes fatal, may occur if aminophy]- 
line is given too rapidly. It has been proved that aminophylline, in addi- 
tion to acting as a bronchodilator, may increase pre-existent hypoxemia 
because of increased ventilation-perfusion imbalance.*® This should be 
kept in mind, emphasizing the need for simultaneous oxygen adminis- 
tration. 

EPINEPHRINE. Most if not all patients in status asthmaticus are 
resistant to epinephrine; however, a trial with this drug might be benefi- 
cial, starting with 0.3 ml. of an aqueous solution of 1:1000 injected sub- 
cutaneously and repeated every 15 minutes if there is little or no clinical 
response. No more than 1.5 ml. total dose should be used. The oil sus- 
pension should not be used because of the unreliable benefits and the 
possible side effects which might be prolonged. If acidosis is present, 
alkalinizing agents and adequate hydration should be used before a 
trial with epinephrine." 

A long-acting epinephrine in aqueous suspension could be used in 
dilution 1:200; it would act in 5 minutes and be effective up to 12 hours. 
Epinephrine should not be administered to patients with cardiac dis- 
ease, marked hypertension, diabetes, or hyperthyroidism, to elderly 
persons, or to patients with a history of adverse reaction to the drug. 
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Table 1. Comparative Dosage of Corticosteroids 


Prednisone 5 mg. (Deltasone, Meticorten, Deltra) 
Cortisone 25 mg. (Cortone Acetate) 
Hydrocortisone 20 mg. (Solu-Cortef) 

Prednisolone 5 mg. (Hydeltra, Delta Cortef) 
Methylprednisolone 4 mg. (Solu-Medrol) 

Triamcinolone 4 mg. (Aristocort, Kenacort) 
Betamethasone 0.75 mg. (Celestone) 

Dexamethasone 0.75 mg. (Decadron, Deronil, Hexadrol) 


Usual side effects are palpitations, weakness, nervousness, headache, 
insomnia, anxiety, and tachycardia. 

CoRTICOSTEROIDS. Corticosteroids should be considered life-saving 
therapy, and since status asthmaticus is a potentially fata: clinical 
condition, they should be administered initially in all cases and in mas- 
sive doses in severe cases. It is also important to point out that since the 
effects of corticosteroids might not be evident for several hours, early 
administration is necessary. Initially a 100 to 200 mg. intravenous push 
of hydrocortisone, or its equivalent (Table 1), is given. Thereafter, the 
intravenous drips should contain corticosteroids, 300 to 900 mg. during 
the first 24 hours. In extremely severe cases, we do not hesitate to use 
up to 1500 mg. in the first 24 to 36 hours. Of the most frequent side 
effects that could develop with corticosteroids, such as gastrointestinal 
bleeding, fluid retention, hyperglycemia, aggravation of pre-existing 
diabetes mellitus, hypertension, or associated respiratory infections, only 
acute psychosis, during the initial days of high doses, was observed ina 
few cases. When treating patients with a history of peptic ulcer, proper 
diet and antacids should be emphasized. Adequate supplemental potas- 
sium, as well as sodium restriction, will minimize possible hypokalemia 
and interstitial edema, respectively. To prevent relapses, corticosteroids 
should be maintained at high doses until there is significant improve- 
ment and then should be tapered gradually.” 

IopIpDE. This is probably the best expectorant. In status asthmati- 
cus sodium iodide is given intravenously by drip (500 to 1000 mg. in 
each intravenous). It is contraindicated when there is a history of hyper- 
sensitivity, or when the patient is in heart failure. 

HYDRATION. Fluid replacement is of paramount importance in 
status asthmaticus, and is one of the most immediate steps to be taken. 
Practically all these patients initially have a marked water deficit due to 
the excessive work of breathing and increased perspiration. In addition, 
exhaustion and irritability make it extremely difficult for such patients 
to drink fluids in adequate amounts. An average of 4000 ml. of fluids 
intravenously should be given within the first 24 hours. Cautious ad- 
ministration of intravenous fluids should be exercised if heart failure is 
evident or suspected. In this instance, monitoring of the central venous 
pressure is the ideal way to regulate the amount of fluids given intra- 
venously. 

Five per cent dextrose in water alternating with 5 per cent dextrose 
in half normal saline or Ringer’s lactate solution is administered intra- 
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venously, and the first 1000 ml. is usually given in 2 to 3 hours. A com- 
mon observation is that once fluids are being replaced the patient begins 
to expectorate, greatly reducing the dangers of inspissation of the 
tenacious mucous plugs. 

ELECTROLYTES. Sodium, chloride, and potassium should be re- 
placed. Hypokalemia is common due to poor intake, vomiting, steroid 
effect, and diuretics, at the time patients are seen initially. With adequate 
hydration and a good urinary output, potassium chloride could be used 
early without waiting for the laboratory results. No more than 20 mEq. 
of potassium chloride per hour should be given intravenously. 

ANTIBIOTICS. Sputum studies, including Gram and Wright stains, 
cultures and sensitivities, are requested as part of the initial laboratory 
investigation. Antibiotic therapy is initiated while awaiting the results, 
since most serious cases of status asthmaticus are complicated by 
respiratory infection,*”*7*:*! even though the obtained sputum may 
show no pathogens. The benefits of empiric usage of antibiotics out- 
weigh the possible risks, if proper drugs are used. Drugs of choice are 
cephalothin and ampicillin, unless there is a history of penicillin hyper- 
sensitivity, in which case tetracycline is given. Kanamycin and especially 
the newer antibiotic gentamicin are extremely effective against gram 
negative bacteria. 

ETHER. Ether in oil, as a retention enema (30 ml. of ether in 60 ml. 
of mineral oil) may be effective when other measures fail. Ether not 
only relieves bronchospasm but produces bronchorrhea and has some 
sedative effect without depressing the respiratory center. 

ALKALINIZING AGENTS. These are used only if the pH is below 7.20, 
due to either respiratory or metabolic acidosis. We prefer sodium bicar- 
bonate, starting, in the average case, with 88 mEq. (100 ml. of 0.3 molar 
solution) given intravenously in 5 minutes and then followed by the 
same amount placed in an intravenous drip. Serial arterial pH measure- 
ments will indicate the necessary amount of bicarbonate to correct the 
acidosis.*! Sodium lactate has been also used (120 to 300 ml. of molar 
sodium lactate) intravenously in 20 to 40 minutes. It sometimes produces 
lactic acidosis. 

THAM* is a stronger base and theoretically should yield a faster rise 
of the pH, but it also may depress the respiratory center. Therefore, 
assisted or controlled ventilation must be available.” 

AEROSOLIZED BRONCHODILATORS. Isoproterenol, 0.5 per cent, 
epinephrine hydrochloride, 1 per cent, and racemic epinephrine, 2 per 
cent, have approximately the same therapeutic potency. They can be 
used combined and sufficiently diluted with normal saline to prevent 
unpleasant generalized side effects. 

Dosage will depend on each case in particular. Average dose is 5 to 
10 drops diluted in at least 2 ml. of saline every 1 to 3 hours, delivered 
through a nebulizer connected to the intermittent positive pressure 
breathing apparatus, or to an air compressor, or to any source of oxygen 
flow. 

MucoLyTIc AND PROTEOLYTIC AGENTS. These agents should be 
used cautiously in status asthmaticus because they may produce bron- 
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chospasm and aggravate the bronchial obstruction. Therefore, they 
should be used only when there is evidence that tenacious secretions are 
producing a significant venous admixture defect and after other meas- 
ures have failed. 

N-acetylcysteine diminishes the viscosity of mucus by opening disul- 
fide bonds, and pancreatic dornase enzymes degradate the aggregates 
of DNA present in purulent material. Bronchodilators, such as isopro- 
terenol and racemic epinephrine, should always be added to the solution 
containing these agents. The solutions are administered as an aerosol by 
a jet nebulizer or may also be instilled directly and aspirated a few min- 
utes after through the tracheostomy, endotracheal tube, or during 
bronchoscopy in the event that these procedures are required. 

OXYGEN THERAPY. Oxygen, properly humidified and administered 
through a double nasal cannula at flows not exceeding 3 liters per minute, 
is adequate to correct the frequently observed hypoxemia to safe tension 
levels (above 60 mm. Hg). If a level of 60 mm. Hg is not obtained with 
these oxygen flows, profuse tracheobronchial secretions producing 
severe venous admixture (right-to-left shunts) should be suspected, and 
active measures to remove these secretions must be employed. These 
include frequent tracheobronchial suction, mucolytic and detergent 
agents, endotracheal intubation, and bronchoscopy, depending upon 
the seriousness of the patient’s condition. 

The majority of patients with status asthmaticus do not have carbon 
dioxide retention; therefore, the abolition of the hypoxemic drive to the 
respiratory center is unlikely to occur with the recommended oxygen 
flows. However, the need for the knowledge of the arterial blood gases 
and pH before and during oxygen therapy cannot be overemphasized. 

An accurate method of oxygen administration is the Ventimask, 
which is based on the venturi effect and may deliver oxygen concentra- 
tions of 24 or 28 per cent.’ The Ventimask produces a fixed concentra- 
tion of oxygen depending on the preset ratio between the oxygen flow 
and the air entering through the side holes of the mask. If frequent 
monitoring of arterial gas levels cannot be done, the level of conscious- 
ness provides another guide for regulation of the concentration of addi- 
tional oxygen. An interesting observation was made by Rees, who found 
that all patients in status asthmaticus with a pulse rate above 130 had 
hypoxemia below 40 mm. Hg.” 

Oxygen should be administered continuously. Intermittent adminis- 
tration may be extremely deleterious because the hypoxemia following 
the discontinuance of oxygen could be more marked than that before 
oxygen was given." 

Recent studies have shown that epinephrine, aminophylline and 
isoproterenol, despite their beneficial effects on airway obstruction, 
produce unpredictable changes in arterial oxygen tension, either in- 
creasing it, lowering it, or leaving it unchanged.*” *'** The effect resides 
in the relative balance between the changes in ventilation and perfusion 
produced by the drugs. Therefore, additional oxygen should be used even 
in minimal degrees of hypoxemia, because the simultaneous adminis- 
tration of these drugs might worsen the pre-existing hypoxemia. 
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A level of 65 mm. Hg is adequate until the crucial hours of acute 
bronchospasm are overcome by other therapeutic measures. 

SEDATIVES. Since there are no sedatives that do not depress the 
respiratory center, they should be administered only after arterial blood 
studies are obtained. An elevated or even normal carbon dioxide tension 
associated with hypoxemia precludes the use of any sedative. If the 
carbon dioxide is low and the pH is alkalotic, mild sedation could be used. 
Chloral hydrate and meprobamate in small and repeated doses are safe. 
In patients with extreme agitation that requires more than slight seda- 
tion, close supervision of the sensorium and frequent monitoring of the 
arterial blood gases are considered mandatory. Assisted or controlled 
mechanical ventilation should be available immediately. 

Relief of the airway obstruction and adequate oxygenation are 
probably the best and safest sedatives. 

MECHANICAL VENTILATION. Pressure-cycled and volume-cycled 
ventilators are the most familiar devices to improve alveolar ventilation. 
Frequent monitoring of the arterial blood gases and pH is of paramount 
importance, not only to prevent or reduce carbon dioxide in the blood 
but also to avoid its excessive and rapid elimination. The latter might 
lead to severe respiratory alkalosis, which clinically is difficult to dis- 
tinguish from respiratory acidosis. 

Mechanical ventilators are indicated in the third (hypoxemia and 
normal acid-base balance) and fourth stage (hypoxemia and respiratory 
acidosis). 

In some patients with status asthmaticus, tracheobronchial resis- 
tance is extremely elevated and pressures as high as 60 cm. of water will 
have to be delivered by the ventilator. Other patients, especially those 
markedly restless and agitated, might “fight” the machines, and the work 
of breathing will be increased with minimal if any benefits. In this in- 
stance, “controlled” ventilation will be required. An arterial carbon 
dioxide tension of 60 mm. Hg is a definite indication for mechanical 
ventilation, either assisted (patient triggers the machine) or controlled 
(the machine takes over). 

TRACHEAL INTUBATION. A cuffed orotracheal or nasotracheal tube 
should be considered whenever a patient is in semicoma or coma, when 
cough is inadequate to expectorate secretions, or when, despite all 
previous measures, gas exchange is markedly impaired. 

With proper care the tubes may remain for 3 days without any com- 
plications, and cases have been reported of no significant problems when 
they were left in place for as long as 2 weeks. 

The dangers of respiratory apnea or cardiac arrhythmias during 
intubation are well established. Failures of intubation include occlusion 
of a mainstem bronchus caused by inserting the tube too far, kinking 
of the tube, or obstruction by secretions, by an overinflated cuff, or when 
the cuff has slipped to the end of the tube. On removal, complicating 
laryngeal obstruction will require reinsertion, tracheostomy, and steroids. 

TRACHEOSTOMY. The endotracheal tube has made tracheostomy 
practically obsolete. Experience with it has been unsatisfactory because 
of multiple and serious complications, including wound infection, 
bleeding or plugs, fistulas, esophageal and tracheal injuries, faulty tube 
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placement, pneumonia, pneumothorax, pneumomediastinum, air em- 
bolism, and even sudden death. 

In status asthmaticus, tracheostomy should be considered only 
after an endotracheal tube has failed to provide benefits, or when pro- 
longed assisted or controlled ventilation is anticipated. 

BRONCHOSCOPY. Bronchoscopy is indicated for diagnostic purposes 
(foreign body or suspicion of organic intrabronchial or peribronchial 
lesions) or therapy (atelectasis, profuse secretions in presence of in- 
adequate cough). 

BRONCHIAL LAVAGE. Lavage has been advocated in critical cases? 
in which the tenacious mucus plugs could not be eliminated by other 
measures. Saline solution is instilled either through an endotracheal 
tube, tracheostomy, or during bronchoscopy. The procedure may lead 
to serious and even fatal complications, probably due to worsening of the 
hypoxemia. 


SYSTEMATIC APPROACH TO STATUS 
ASTHMATICUS 


Although some patients in status asthmaticus will require special 
management initially, such as frequent suctions, alkalinizing agents, 
mechanical ventilation, endotracheal intubation, tracheostomy, or 
correction of pneumothorax, the majority of patients should be ap- 
proached in an organized fashion. 

1. Chest x-ray films, posteroanterior and lateral. 

2. Arterial blood gas determinations, using the radial artery and the 
“stick” technique (Po,, Pco,, and pH). 

3. Complete blood count, measurement of serum electrolytes and 
blood urea nitrogen, electrocardiogram, and sputum examination. 

4. Intravenous medication: aminophylline, 250 to 500 mg. ‘“‘push” 
dosage, undiluted, given at 1 ml. per minute, or 250 to 500 mg. in 200 ml. 
of 5 per cent dextrose in water to be given over 30 minutes. Hydrocor- 
tisone, a 100 to 300 mg. ‘‘push” dose. Five per cent dextrose in water or 
in half normal saline solution, containing aminophylline, 500 mg;; 
hydrocortisone, 100 to 300 mg.; sodium iodide, 500 to 1000 mg.; potas- 
sium chloride, 20 to 40 mEq.; and cephalothin, 1 to 2 gm. every 4 to 6 
hours. 

5. Oxygen by nasal cannula (3 liters per minute) or Ventimask (24 
to 28 per cent concentration). 

6. Bronchodilators by aerosol, either by air compressor or inter- 
mittent positive pressure breathing apparatus: isoproterenol, 1:200, 7 
drops in 2 ml. of saline solution; can be given from 10 minutes per hour 
up to 5 minutes of every 15. 


INTENSIVE RESPIRATORY CARE UNIT 


The intensive care unit is the ideal place for the management of 
patients with severe status asthmaticus.* ** Such a unit provides ade- 
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quate facilities for frequent arterial blood monitoring, resuscitation 
equipment and constant observation of the patient’s changes (arrhyth- 
mias, aspiration, etc.) that in status asthmaticus might develop suddenly 
and require immediate attention. A specialized team of clinicians, anes- 
thesiologists and nurses skilled in respiratory care is essential for suc- 
cess. 


STATUS ASTHMATICUS IN CHILDREN 


Status asthmaticus in children presents some problems of treat- 
ment and management not commonly encountered in the adult pa- 
trent.<2= 

Dehydration and acid-base abnormalities may develop rapidly and 
become life-threatening complications. Because of poor cooperation and 
extreme irritability, children require constant supervision. 

The dosage of the medication should be carefully monitored because 
of the child’s unpredictable response to drugs. The incidence of amino- 
phylline toxicity with possible fatal outcome is greater in children than 
in the adult.** 7 

Finally, mucus plugs causing complete airway obstruction is a con- 
stant hazard because of the child’s smaller airways. 


DON’TS IN STATUS ASTHMATICUS 


The seriousness of the condition in itself and the dangers that can 
evolve from delayed or injudicious approach to the care of the patient in 
such distress, warrant emphasis on enumerating the following don’ts. 

Do not delay intensive treatment. Basic therapies, hydration, 
aminophylline, and steroids should be started immediately, simultane- 
ously, and in adequate doses. 

Do not overlook possible precipitating factors. Although infre- 
quent, pneumothorax, atelectasis, foreign bodies, and pneumonias 
make mandatory a chest radiogram on admission. 

Do not place in the same category the patient with a severe bron- 
chospasm of a few hours’ duration and the one who has been in 
permanent respiratory distress for several days, even though both 
might have similar findings and an equal degree of dyspnea. The 
latter might be accumulating tenacious mucus plugs, which are prob- 
ably the main cause of fatal cases of status asthmaticus. Therefore, 
management should be more active in this instance regardless of the 
clinical appearance. 

Do not use PRN orders during the crucial hours. All therapeutic 
measures should be titrated, depending on the patient’s response, and 
permanent medical supervision during the initial hours is the key for 
rapid recovery. 


Do not ignore emotional factors. Physician rapport with the patient 
is of great benefit. 


STatus ASTHMATICUS 505 


Do not rely exclusively on clinical impression. Clinical differentia- 
tion between respiratory alkalosis and respiratory acidosis is very difficult 
to establish. Detection and correction of acid-base imbalance require 
monitoring of the arterial blood findings. 

Do not hesitate to use large doses of corticosteroids. Their benefits 
far outweigh the infrequent side effects. 

Do not use corticotropin. It has no advantage over corticosteroids. 
It is ineffective in many cases, probably because the adrenals are al- 
ready exhausted in these stressing situations. In addition, it may produce 
hypersensitivity reactions. 

Do not use morphine, meperidine, or barbiturates. They depress 
the respiratory center. The only exception is when controlled ventilation 
is instituted. 

Do not suppress cough reflex. 

Do not use antihistamines, codeine, or atropine. They dry secre- 
tions, preventing their elimination. They contribute to the formation of 
mucus plugs. 

Do not give more than one trial with epinephrine. If acidosis is 
present, alkalinizing agents should be given before epinephrine is tried. 

Do not prescribe sedation until arterial blood findings are known. 
Mild sedation could be used if respiratory alkalosis is present. 

Do not use respiratory stimulants (Ethamivan, Niketamide). 

Do not wait for laboratory results to initiate antibiotics. Not 
infrequently the laboratory results are negative in presence of respira- 
tory infection. 

Do not prescribe excessive oxygen flows. Oxygen flows up to 3 
liters per minute through a nasal cannula will be sufficient to raise the 
arterial oxygen tension to safe levels in the majority of cases. If this is 
not obtained, the patient probably has a severe venous admixture defect 
due to copious or tenacious secretions which will require aggressive 
treatment. 

Do not reduce abruptly the initial treatment. 

Do not precipitate the use of mechanical ventilators. 

Do not rely on mechanical ventilators as the most important part 
of management. 

Do not overlook possible complications of mechanical ventilators, 
endotracheal tubes, and tracheostomy. 

Do not misinterpret a chest becoming less “noisy.” Reduction in 
wheezes and rhonchi may accompany diminished air exchange, in- 
creasing cyanosis, and depressed sensorium. 

Do not forget that status asthmaticus is potentially fatal. 


THERAPEUTIC APPLICATIONS OF THE 
ARTERIAL BLOOD FINDINGS: 


In the first stage, respiratory alkalosis and normal oxygen ten- 
sion, sedation is indicated, but intermittent positive pressure breathing 
should not be used because it may aggravate the hyperventilation. The 
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aerosolized bronchodilators (isoproterenol, racemic epinephrine) may 
be delivered through an air compressor or any source of oxygen. 

In the second stage, moderate hypoxemia and respiratory alka- 
losis, oxygen therapy will be helpful not only to overcome the local 
and general effects of oxygen lack, but also to remove one of the factors 
responsible for excessive ventilation. IPPB has minimal if any indication 
in this stage, and sedation could be used but cautiously to prevent exces- 
sive respiratory depression. 

In the third stage, moderately severe hypoxemia and normal 
carbon dioxide tension and normal pH or “transitional stage,” sedatives 
are not used. Oxygen therapy associated with frequent IPPB treatments 
are the ideal measures to correct the hypoxemia and prevent carbon 
dioxide retention. 

Finally, in the fourth stage of severe hypoxemia and respiratory 
acidosis, sedatives are completely contraindicated and in addition to 
oxygen therapy, intensive maneuvers, earlier described, to improve 
alveolar ventilation are mandatory. 


DEATHS IN STATUS ASTHMATICUS 


World literature,' 13, 19, 20, 21, 22, 25, 39, 45, 48, 49, 54, 55 especially from Eng- 
land, has been reporting an increasing mortality rate in patients with 
asthma during the last 10 years. 

Death occurs during the acute exacerbation, either suddenly, usually 
unexpectedly, or in a slow and progressive fashion. The latter mode 
seems to be the result of asphyxiation leading to irreversible hypoxemia 
and carbon dioxide narcosis. Multiple causes have been attributed to the 
sudden and unexpected deaths, such as cardiac arrhythmias, vagal 
reflexes, abrupt lowering of arterial oxygen tension, excessive use of 
medications (especially sympathomimetic agents), adrenal failure precip- 
itated by underdosage of corticosteroids, complications of cortico- 
steroids, sedation, acid-base imbalance, and dehydration. 


SUMMARY 


1. Arterial blood gases and pH reflect the various stages of airway 
obstruction that patients in status asthmaticus might present. 

2. Autonomical regions of bronchial obstruction seem to be the com- 
mon denominator of the ventilation-perfusion imbalance and _ their 
magnitude will be reflected primarily in the arterial levels of oxygen. 

3. Arterial carbon dioxide tension and pH levels will be determined 
by the extension of the unobstructed airways. 

4. Respiratory acidosis in status asthmaticus appears to be the 
result of a venous admixture defect (shunt-like effect), due to severe 
regional airway obstruction, rather than of generalized hypoventilation. 
Mucoid impactions and suppuration play an important role in the severe 
cases. Regional atelectasis due to deficiency of surfactant activity also 
might be present and enhance the obstructive process. 
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Figure 5. Pathologic physiology of bronchial asthma. 


5. The postulated stages in status asthmaticus (Fig. 5), based on the 
arterial blood findings, have therapeutic implications, especially in the 
use of sedatives, oxygen, inhalation therapy, and mechanical ventilators. 

Until there is a more complete understanding of the fundamental 
mechanisms producing status asthmaticus, and means to prevent or 
interfere with the antigen-antibody reaction, monitoring of the arterial 
blood findings provides the most physiological therapeutic approach to 
reduce morbidity and mortality. 
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The Clinical Problem of 
Primary Hyperparathyroidism 


F. RAYMOND KEATING, JR., M.D.* 


Primary hyperparathyroidism (HPT) has excited physicians 
since it was first recognized, 44 years ago. Not only was a new and un- 
usual disease described but a rational and effective treatment—para- 
thyroidectomy—was provided at the same time. This unusual circum- 
stance had good and bad results. The knowledge that HPT was curable 
has strongly motivated physicians to search for it, and surgical demon- 
stration of a parathyroid lesion has provided a ready means for corrobo- 
rating a clinical diagnosis of HPT in a variety of situations, thus greatly 
facilitating recognition of its protean manifestations. At the same time, 
the very effectiveness of parathyroidectomy in correcting the metabolic 
abnormality has seriously limited clinical observation and critical study 
of the natural history of HPT unmodified by treatment. Except in special 
circumstances, physicians have been understandably reluctant to ob- 
serve, for extended periods without treatment, a disease considered to 
be progressive, disabling, and potentially lethal. 

Although primary HPT poses problems for the pathologist, surgeon, 
and clinician alike, this discussion will be confined to the medical 
aspects of the disease. These will be considered under three headings: 
(1) case finding, (2) clinical diagnosis, and (3) clinical management. In 
each category the problems confronting the physician depend only in 
part on the extent of his knowledge of the biochemistry and physiology 
of the parathyroids. To a significant extent, the recognition, diagnosis, 
and management of HPT may rest on the clinical model of HPT the 
physician has in mind. By “clinical model” is meant the concept of the 
disease whereby the physician (whether he explicitly recognizes it or 
not) combines what he knows to be true with what he assumes to be true 
or takes for granted. 


Parathyroid Function 


Parathyroid hormone (PTH) is a principal but not the only means of 
controlling serum calcium homeostasis.’ It effects this by (1) increasing 
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release of calcium from bone by increasing resorption of bone, (2) 
increasing absorption of calcium from the gut, and (3) increasing re- 
sorption of filtered calcium in the renal tubules. Thus, its net effect is to 
increase serum calcium. It also affects phosphorus metabolism and tends 
to increase serum phosphorus directly through its effect on resorption of 
bone and to decrease it through its renal phosphaturic effect. The latter 
is most likely due to decreasing the tubular reabsorption of filtered 
phosphorus. In the normal state, serum calcium homeostasis is main- 
tained by a negative feedback mechanism. A decrease in serum calcium 
stimulates increased secretion of PTH which tends to restore the level 
of serum calcium. An increase in serum calcium decreases or abolishes 
secretion of PTH, thus permitting calcium levels to decrease. The fore- 
going is an oversimplification of the complexities of calcium homeo- 
stasis and the role of PTH. The true state of affairs also includes the 
effects of vitamin D and thyrocalcitonin, the intricate metabolism of 
bone, the interactions among magnesium, calcium, and PTH, and the 
effects of adrenal and gonadal steroids. Vitamin D increases absorption 
of calcium from the gut and, in addition, appears to be necessary for the 
action of PTH on bone resorption. It may facilitate bone formation as 
well. Thyrocalcitonin directly opposes the action of PTH by reducing or 
abolishing resorption of bone and perhaps by increasing calciuria 
through reduced tubular reabsorption of calcium. 


Clinical Model of Primary Hyperparathyroidism 


The accepted concept of primary hyperparathyroidism as a clinical 
entity has greatly expanded since it was first recognized. Some of the 
significant landmarks in this changing picture are listed in chronologic 
order in Table 1. From a clinical curiosity —a hyperfunctioning endocrine 
tumor producing a rare and spectacular disease of bone—HPT has now 
become a common endocrinopathy with a broad spectrum of clinical 
manifestations and associated diseases. Several of the most important 
clinical facets of the condition were the brilliant contributions of Fuller 
Albright:'* the recognition of the urologic syndrome of hyperparathy- 
roidism, with the demonstration that it occurred in the absence of 
clinical bone disease and that severe symptoms could, on occasion, 
accompany mild biochemical abnormalities. In addition, Albright early 
predicted the occurrence of hyperparathyroidism with neither bone nor 
renal manifestations and even suggested that this might prove to be the 
commonest form of all. 

Despite its remarkable variability, physicians tend to assume that 
HPT is a single clinical entity, that the principal clinical features reflect 
primarily differences in duration or severity of hormone excess, and that 
progression from milder to more severe stages of the disease can con- 
fidently be predicted. An increasing weight of evidence makes it clear 
that we must abandon this comfortable and simplistic model of the dis- 
ease. Despite the high incidence of the condition in modern clinical ex- 
perience, the most severe manifestations, generalized osteitis fibrosa 
cystica and hypercalcemic crises, remain relative rarities. Since it is 
certain that many cases remain undiscovered, one must conclude that 
much undiscovered hyperparathyroidism is not destined to progress to 
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Table 1. Principal Clinical Concomitants of 
Primary Hyperparathyroidism 


PRINCIPAL 

YEAR OBSERVATION INVESTIGATOR 
1926 Severe osteitis fibrosa cystica Mandl 
1934 Kidney stones or nephrocalcinosis Albright? 
1934 Kidney stones without clinical bone disease Albright! 
1937 Serious disease with minimal hypercalcemia Albright? 
1939 Acute hypercalcemic crisis Hanes 
1942 Psychiatric disorders Eitinger 
1943 Multiple endocrine adenomatosis Shelburne 
1946 Peptic ulcer Rogers 
1954 Familial hyperparathyroidism Wermer 
1957 Pancreatitis Cope"! 
1958 Chemical hyperparathyroidism without clinical 

manifestations Randall?’ 
1965 High frequency determined by large-scale screening 

techniques Jackson’ 


these ultimate stages. The early views that urologic hyperparathyroidism 
would inevitably produce severe recurrent nephrolithiasis and later 
progress to clinical bone disease have not been corroborated. Many 
patients with urologic manifestations have stones intermittently, often 
only once. Lloyd suggested that HPT with osteitis fibrosa cystica and 
HPT with nephrolithiasis constitute distinct entities which seldom 
overlap. He described the former as characterized by shorter duration, 
rapidly growing tumors, and more severe hypercalcemia and the latter, 
by longer duration, slower growing lesions, and mild hypercalcemia. 

The clinical model of HPT which the physician uses in caring for a 
patient must take into account the full spectrum of clinical expressions 
of this condition. The following selected case reports are representative 
of some aspects of this spectrum which may have received less attention 
than they deserve. 


Illustrative Cases: Clinical Model of HPT 


CasE 1. A school teacher was first seen in 1943 at the age of 34 years. For 11 
years she had had episodes of faintness and diplopia. These were found to be due 
to hyperinsulinism, and they have not recurred since multiple insulinomas were 
removed from the pancreas. The medical work-up for her initial complaint in- 
cluded a serum calcium determination to exclude hypocalcemia. A value of 13.1 
mg. per 100 ml. was found, but there were neither findings nor symptoms to cor- 
relate with it. She remained entirely asymptomatic without skeletal or renal dis- 
ease, but in 1945 a large parathyroid tumor was removed from the site of the right 
inferior gland. Other parathyroids were not seen. Postoperative levels of serum 
calcium averaged 12.6 mg. per 100 ml. and varied little. The patient declined 
further surgical treatment. 

Between 1945 and 1956, the patient remained in good health and asympto- 
matic despite serum calcium values between 12.1 and 13.0 mg. per 100 ml. The 
serum phosphorus ranged from 2.0 to 2.7 mg. per 100 ml. 

In February 1956, she experienced an acute episode of duodenal ulcer which 
responded to diet and antacids. An excretory urogram disclosed four stones in 
the right kidney, not present previously. The skeletal survey remained negative. 
The serum calcium was 12.7 mg. per 100 ml., phosphorus 2.8 mg. per 100 ml, 
and alkaline phosphatase 7.6 King-Armstrong units. A second cervical explora- 
tion disclosed multiple parathyroid tumors involving the left superior and right 
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superior glands. The left inferior gland was biopsied and found to be normal. 
Postoperatively, the calcium level decreased to 10.1 mg. per 100 ml., but 8 days 
later it was 11.5 mg. per 100 ml. and at 3 months it was again 12.5 mg. per 100 mL; 
it has remained at this ever since. The patient has firmly declined further opera- 
tion. 

She remains in good health and free of symptoms and has not missed a day of 
teaching school since 1956. Her serum calcium has varied from 12.2 to 13.1 mg. 
per 100 ml. In 1968 there was no roentgenographic evidence of bone disease. 
Two small stones remained in the lower half of the right kidney and had not 
changed since 1956. Her serum creatinine was 0.75 mg. per 100 ml. and her blood 
pressure was 138/88 mm. Hg. 


CoMMENT. This case is an example of multiple endocrine adeno- 
matosis, not yet described when the patient was first seen. A positive 
family history was not obtained until 1965, when a paternal first cousin 
and a paternal nephew were found to have hyperparathyroidism with 
chronic relapsing pancreatitis. The case represents the longest continued 
observation of sustained hypercalcemia in our experience. Despite 26 
years of persisting severe hypercalcemia, no evidence of serious conse- 
quences or of progressive disease attributable to it has appeared. Except 
for a brief period in 1956 when she had a single episode of active peptic 
ulcer and was found to have four kidney stones, the patient’s condition 
can be aptly described as ‘“‘asymptomatic chemical hyperparathyroidism 
without clinical manifestations.” Particularly striking in this case and 
in many others is the remarkable stability of the hypercalcemia over an 
extended period. Further exploration, including mediastinal exploration, 
had been recommended to the patient in 1956 but was declined. 


CASE 2. The patient was a 68 year old man observed between 1961 and 1965 
(reported by Eisenberg and Gotch). He had bone changes suggesting primary 
hyperparathyroidism, but these were associated with normal serum calcium levels 
except for two occasions. He underwent exploration for hyperparathyroidism in 
1963, when slightly increased serum calcium values were recorded. The explora- 
tion was negative, and he was observed without treatment. In 1965, the calcium 
values again increased. Initially, minimal hypercalcemia was observed. This 
was soon followed by an acute hypercalcemic crisis (serum calcium values more 
than 18 mg. per 100 ml.) associated with mental obtundation, acute deterioration 
of renal function, and cardiovascular abnormalities. These features were quickly 
reversed by hemodialysis. A retroesophageal parathyroid adenoma was then re- 
moved surgically with subsequent full recovery. 


CoMMENT. In marked contrast to case 1, the presence in this pa- 
tient of conspicuous osteitis fibrosa cystica typical of primary hyper- 
parathyroidism in association with normal or borderline values of serum 
calcium is unusual. The mechanism which provoked his frightening 
and potentially lethal hypercalcemia is unknown. The case emphasizes 
that patients with normal or minimally increased serum calcium levels 
may, in some circumstances, suffer serious and potentially fatal exacer- 
bations. Although such incidents have been documented infrequently, 
it must be recognized that at present there is no reliable means of anti- 
cipating them or of estimating their real frequency. 


CasE 3. A 62 year old housewife was seen in 1968, complaining of chest 
wall and abdominal pain. These and other symptoms appeared to be functional 
and related to anxiety and tension. She had had a single episode of kidney colic 
in 1940, had passed a stone, and had never passed another. Because of this history, 
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serum calcium was determined; it was 11.8 mg. per 100 ml. with phosphorus 2.3 
mg. per 100 ml. Subsequent values were 11.6 and 11.4 mg. per 100 ml. for cal- 
cium and 2.3 mg. per 100 ml. for phosphorus. Urinary calcium excretion was 
162 mg. per 24 hr. Creatinine clearance was 69 ml. per min.; serum creatinine 
was 0.85 mg. per 100 ml. Phosphorus clearance was 25 ml. per min., and tubular 
reabsorption of phosphorus was 63.1 per cent. Roentgenograms of the kidneys, 
ureters, and bladder, including excretory urograms, were entirely normal. Skeletal 
roentgenograms disclosed no evidence of bone disease. A parathyroid adenoma, 
mixed cell type, weighing 590 mg. was removed from the site of the right superior 
parathyroid gland. The remaining three parathyroid glands were observed to be 
normal. Postoperative serum calcium values averaged 9.4 mg. per 100 ml. and 
phosphorus, 2.6 mg. per 100 ml. The patient’s functional symptoms were im- 
proved but not entirely relieved. 


CoMMENT. This is a good example of HPT associated with meta- 
bolically inactive stone disease. If one assumes that the single episode 
of renal colic 28 years before had been caused by hyperparathyroidism, 
then one must also conclude that the condition had remained stable, 
mild, and asymptomatic for the ensuing 28 years, until its correction. 
Such cases, in our experience, outnumber those in which there is clear 
evidence of metabolically active stone formation. 


CASE FINDING 


Estimation of serum calcium provides the clue by which nearly all 
cases to be investigated for HPT are first identified. Such cases have 
been initially found by (1) careful study of patients with symptoms or 
conditions previously reported to have been associated with HPT, (2) 
accident or serendipity, and (3) routine screening of serum calcium 
values of all patients. Table 2 lists particular conditions currently re- 
garded as deserving careful study for HPT. There is no syndrome or 
combination of symptoms or clinical conditions which uniquely char- 
acterizes this disorder.'? '!* None of the features enumerated is pathog- 
nomonic, except for the roentgenographic signs of osteitis fibrosa 
cystica, which are infrequently conspicuous. HPT has been found in 
association with every conceivable combination of these features, with 
any one of them, and with none of them. Perhaps 20 per cent of cases 
in our experience have been identified by serendipity. Dent’s laconic 
comments about a similar experience deserve quotation: “Obviously 
such accidental diagnoses provide further evidence for the common- 
ness of the disease, as one could hardly stumble on them like this unless 
there were plenty lying around the place.” 

Indeed there are. Boonstra and Jackson found HPT in 1 of every 834 
patients when calcium was routinely measured on all ambulatory pa- 
tients admitted to their institution. Seventy-three per cent of patients 
with HPT found by this screening procedure were asymptomatic. We 
have observed similar frequencies. The increasing frequency with 
which HPT is being found, either fortuitously or by routine screening, 
clearly indicates that it is indeed far more common than heretofore 
thought. 

Physicians have been slow to consider the ultimate questions posed 
by such abundance. If mild or asymptomatic HPT is so common, why is 
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Table 2. Clinical Situations Deserving Investigation for HPT 


Skeletal disease 
Diffuse (metabolic) bone disease regardless of supposed type 
Solitary bone cysts or tumors 
Renal disease" ” 
Nephrolithiasis, past or present 
Nephrocalcinosis 
Unexplained impairment of renal function 
“Hypercalcemic symptoms” 
Polyuria or polydipsia 
Conspicuous fatigue and weakness or unexplainable gastrointestinal symptoms 
Psychiatric disturbances 
Multiple endocrine adenomatosis* 
Pituitary tumor with or without acromegaly 
Insulinoma 
Zollinger-Ellison syndrome 
Pheochromocytoma 
Medullary carcinoma of thyroid with amyloid stroma 
Family history of HPT or any of above” 
Peptic ulcer (especially if severe or atypical)’* 
Pancreatitis (especially acute pancreatitis without hypocalcemia)" 
Parturient mothers of hypocalcemic neonates”’ 
Presence of band keratopathy 


severe HPT so rare? What is the ultimate outcome in the majority of 
cases? If, in fact, there are several distinct clinical varieties of HPT 
which differ in course and therefore in prognosis, how can they be char- 
acterized and recognized in an early stage? If there is a group of patients 
who can be identified as having an asymptomatic or nonprogressive form 
of the disorder which is not destined to produce serious consequences, 
should they be treated at all? At what point does the risk to the patient 
(of surgical treatment) exceed the potential benefit (of avoiding future 
illness)? Does the use of a mass screening procedure such as serum 
calcium, which uncovers a considerable number of cases of clinically 
serious HPT and also a larger number with minimal abnormalities, there- 
by result in net improvement in health care? Finally, if HPT is relatively 
common instead of rare, as supposed, which of the bewildering variety 
of clinical disorders described as associated with it are related as cause 
or effect, which are genetic concomitants, and which are related only 
fortuitously? Such questions must be taken into account in the clinical 
management of HPT. Unfortunately, it may be a long time before we 
can be confident of the answers to these questions. 

The following two cases represent the range of problems brought 
to light by routine clinical screening of serum calcium. 


Illustrative Cases: Case Finding 


Case 4. The patient, a 59 year old grocer, regarded himself as perfectly well 
except for varicose veins. In preparation for vein surgery, routine screening witha 
battery of chemical tests was conducted elsewhere. This disclosed hypercalcemia 
and, for this reason, he was referred to this clinic. The history had been reported 
as negative and, because of the hypercalcemia, it was repeatedly re-evaluated. 
The patient belatedly recalled having passed a single kidney stone in 1940 anda 
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second in 1945, but none since. He had had hypertension for 10 years, for which 
he had been taking thiazides. 

Results of general physical examination were negative except for borderline 
increase of blood pressure, to 140/100 mm. Hg. Serum calcium values ranged 
from 13.8 to 14.3 mg. per 100 ml.; phosphorus varied from 2.3 to 1.8 mg. per 100 
ml.; serum creatinine was 1.1 mg. per 100 ml.; and alkaline phosphatase was 44 
international units. Urinary excretion of calcium was 83 mg. per 24 hr.; renal 
phosphorus clearance was 68 ml. per min., and tubular reabsorption of phosphorus 
was 69.5 per cent. The skeletal survey disclosed no evidence of bone disease. 
Roentgenograms of the kidneys, ureters, and bladder disclosed a small calculus 
over the lower pole of the left kidney. The remainder of the laboratory studies 
gave normal results. 

Exploration of the parathyroids disclosed extensive wasserhelle hyperplasia 
involving all four glands. Three were removed entirely and the fourth was partially 
resected. The tissue weighed 11.3 gm. Postoperative serum calcium values varied 
from 8.4 to 9.1 mg. per 100 ml., and phosphorus remained between 2.7 and 3.2 
mg. per 100 ml. The patient remained well and withstood subsequent vein surgery 
without event; there has been no change in the residual renal stones. 


CoMMENT. There is no reasonable doubt that the HPT in this case 
would have been overlooked were it not for the calcium screening. 
The history was correctly assessed only with difficulty and by hindsight. 
The severity of the hypercalcemia represented a significant threat to 
health and, indeed, could have jeopardized the patient’s life if, as a re- 
sult of the immobilization and dehydration after operation for varicose 
veins, exacerbation of the hypercalcemia had occurred. It is impossible 
to tell, since no record existed, when the stone visible in the roentgeno- 
gram might have formed. There is no means of knowing whether or 
not a metabolically active stone disease was present at the time. 


CASE 5. The patient had been to this clinic in 1954 with a diagnosis of dia- 
betes which had been present for 2 years. She returned in 1965, when she was 52 
years old, for evaluation of headaches. Her diabetes was well controlled with diet 
alone. She had had essential hypertension for 12 years, but was taking no medi- 
cine for it. Physical examination disclosed obesity, an umbilical hernia, and a 
cystocele. No symptoms referable to the skeleton, urinary tract, or gastrointestinal 
tract were recorded initially, nor could they be elicited retrospectively. Serum 
calcium and phosphorus were measured as part of a routine screening program 
and were 11.0 and 2.0 mg. per 100 ml., respectively. Repeated determinations 
gave values varying from 11.2 to 11.4 mg. per 100 ml. for calcium and from 2.3 
to 2.6 mg. per 100 ml. for phosphorus. Plasma proteins were normal and other 
laboratory studies were within normal limits. Urinary excretion of calcium was 
344 mg. per 24 hr. Inulin clearance was 114 ml. per min.; PAH clearance was 519 
ml. per min.; and tubular reabsorption of phosphorus was 62.8 per cent. At opera- 
tion, a chief cell adenoma, weighing 1.9 gm., was removed from the left superior 
parathyroid gland. It was adherent but not infiltrating. The left inferior and right 
superior parathyroids were identified but the right inferior gland was not. Post- 
operative serum calcium values varied from 8.4 to 9.5 mg. per 100 ml.; phosphorus 
was 2.9 to 3.5 mg. per 100 ml. Alkaline phosphatase was 3.4 K-A units. The patient 
has since remained well. 


CoMMENT. This case illustrates “chemical hyperparathyroidism 
without symptoms.” No indication existed in the history, either initially 
or subsequently, for ordering the calcium studies except as routine 
screening procedures. Serum calcium values were decisively although 
not dangerously increased. The parathyroid tumor was of relatively 
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Table 3. Commonly Used Diagnostic Procedures* 


ABNORMALITY PROCEDURE 


Abnormal calcium homeostasis 


Hypercalcemia Serum calcium ; 
Abnormal protein binding Serum protein electrophoresis 
Hypercalciuria (mild) Quantitative urine calcium 


(24-hour collection) 
Urinary phosphorus leak 


Hypophosphatemia Serum phosphorus 
Reduced tubular reabsorption of 
phosphorus (TRP) TRP determination 
Increased bone resorption Roentgenograms (skull, hands, teeth) 
Secondary bone regeneration Alkaline phosphatase 
Nephrolithiasis, nephrocalcinosis KUB with tomograms; urograms 
Impaired renal function Creatinine clearance; serum 


creatinine 


“Adapted from Goldsmith. 


large size. What her clinical course might have been had the condition 
not been found and corrected cannot be predicted. 


CLINICAL DIAGNOSIS 


The complexities of HPT have encouraged development of a variety 
of diagnostic procedures aimed at particular aspects of the condition. 
For detailed discussion of these, the reader is referred to the excellent 
summary articles by Goldsmith, Gordan and Roof, and Strott and Nugent. 
Table 3 lists those procedures most commonly used, arranged according 
to the function tested. The discussion below will be limited to these. 
Table 4 lists additional procedures of value in particular circumstances, 
together with selected references. There is a tendency to regard the diag- 
nosis of HPT as purely “‘chemical.” This is not the case. To be sure, the 
diagnosis requires reliable and detailed laboratory data sufficient to 
document and characterize the abnormality of the calcium metabolism. 
In addition, however, the diagnosis requires clear reasoning and careful 
consideration of all evidence and of all alternatives, particularly with 
respect to differential diagnosis. 


Hypercalcemia 


This is not only the initial clue to case finding but, in most cases, 
also the ultimate criterion for diagnosis. Indeed, HPT can usually be 
defined as hypercalcemia for which alternative causes have been ex- 
cluded. The common causes of hypercalcemia are enumerated in Table 
5. The first diagnostic chore is to corroborate the occurrence of hyper- 
calcemia by repeated estimations, to be sure it is genuine, to exclude 
misleading artifacts, and to determine its variability. Clinical inter- 
pretation of hypercalcemia (mild or severe) will naturally be colored 
strongly by the findings, or lack of them, generated by the history, the 


general examination, and, particularly, the careful evaluation of roent- 
genograms of the kidneys and skeleton. 
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Table 4. Other Useful Diagnostic Procedures* 


ABNORMALITY PROCEDURE 
Increased circulating PTH PTH radioimmunoassay** *? 
Abnormal calcium homeostasis 
Equivocal hypercalcemia Phosphorus deprivation test!” 28 
Increased ionic calcium Calcium ion estimations” 
Increased tubular reabsorption of Calcium ion estimations 
calcium (blood and urine)?’ 

Urinary phosphorus leak 

Reduced TRP Phosphorus excretion index;** 
renal phosphorus Tm‘ 

Increased bone resorption Bone biopsy; microradiography*! 

Hydroxyprolinuria Urinary hydroxyproline excretion”® 


Response to induced hypercalcemia 
(calcium infusion)” 22 


Refractory hyperphosphatemia Urinary phosphorus’ 
Parathyroid autonomy PTH levels** 
Response to exogenous PTH PTH infusion, measure TRP® 
Anatomic parathyroid lesion (tumor, Radioselenomethionine scan*” 
hyperplasia) Barium swallow" 


Riess squeeze test, measure PTH 
Venous catheterization” 


“Adapted from Goldsmith. 


Table 5. Common Causes of Hypercalcemia 


1. Artificial causes 3. Hypervitaminosis D 
Laboratory error* 4. Sarcoidosis 
Borderline normal value* 5. Milk-alkali syndrome 
Thiazide therapy* (Burnett syndrome) 
Cathartic therapy* 6. Immobilization syndrome 
2. Hyperparathyroidism Young men 
Primary* Polyostotic osteitis deformans 
Tertiary* 7. Hyperthyroidism 
Neoplastic (hypernephroma, 8. Postoperative Cushing’s syndrome 
bronchogenic carcinoma, 9. Lymphoma 
ovarian carcinoma, etc.) 10. Myeloma 
11. Other malignancies 


*May be associated with borderline values. 


Individual values of serum calcium encountered in patients with 
HPT occasionally vary with time.'® A significant number overlap the 
range of values seen in normal persons and, in a larger number, values 
may be borderline.2*> Modern methods for measuring calcium are pre- 
cise and reliable, provided that quality control is adequate, but estima- 
tion of the normal range has frequently been based on inadequate 
samples and inappropriate statistical analysis. The mean preoperative 
values observed in 260 patients with HPT and the range encountered in 
576 healthy persons are compared in Figure 1. The range differs between 
the sexes and varies with age in men but not in women. Depending on 
the analytical method used, small variations of means would be ex- 
pected, but the width of the normal range as shown and the age and sex 
distribution described are probably valid for whatever method is used. 
Truly normocalcemic HPT has occasionally been described.** Some cases 
may be attributable to inappropriate normal standards, laboratory error, 
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Figure 1. Mean preoperative 
serum calcium values in patients 
with primary HPT. Broken lines 
represent normal mean expressed 
as regression with age; solid lines 
represent the 2.5 and 97.5 percen- 
tiles of normal group, respectively. 
Note that normal range so defined 
is different in men (upper) and 
women (lower) and it decreases 
with age in men but not in women. 
Each dot represents the mean pre- 
operative value for a patient. In- 
dividual values would show some- 
what more variation, with about 10 
per cent of cases showing one or 
more measurements within normal 
range. 


Serum calcium (mg / 


Age in years 


or coexistence of conditions which decrease serum calcium, such as 
intestinal malabsorption, acute pancreatitis, nephrosis, infarction of a 
parathyroid adenoma, or a high dietary level of phosphorus. Some writers 
claim, and others dispute, that ‘‘normocalcemic hyperparathyroidism” 
may result from disproportionate increase of the ionized fraction of 
plasma calcium, so that a significantly increased calcium ion concen- 
tration (ionic hypercalcemia) may be concealed by a total calcium con- 
centration within the normal range.'” '*-3° The validity of this view and 
the clinical importance of ionic calcium estimations remain to be shown. 

It has proved useful to do electrophoretic analysis of plasma pro- 
teins on all hypercalcemic patients because variations of protein con- 
stituents account for some perturbations of total serum calcium values. 
Protein studies are of particular value in excluding myeloma or sarcoid; 
these frequently cause hypercalcemia, at times closely mimic it, and 
occasionally accompany it. It is to the evaluation of patients with normal, 
borderline, or cyclically variable calcium levels, as well as those with 
unusual or no clinical features, that other tests of parathyroid function 
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are particularly directed. With current effectiveness of case finding, 
such cases may comprise a third or more of those observed. 


Increased Serum Concentration of Immunoreactive PTH 


When associated with hypercalcemia, this finding will probably 
provide the most direct confirmation of primary HPT in the future.®® 
Unfortunately, PTH assay cannot differentiate primary HPT from secon- 
dary HPT or from malignant tumors which secrete PTH-like peptides 
(“neoplastic HPT” such as hypernephroma, bronchogenic carcinoma, 
or ovarian tumors). PTH assay is still technically difficult and costly. It 
may be years before the procedure is available for clinical use by all 
physicians. 


Hypophosphatemia 


This is traditionally considered as consistent a feature of HPT as 
hypercalcemia.”* On the contrary, in our experience (and that of some 
others), hypophosphatemia is observed in less than half the cases. This 
is not surprising when one considers the pronounced circadian rhythm 
exhibited by serum phosphorus, the rather wide range which results 
from estimations based on serum samples drawn without regard to time, 
and the effects of PTH in tending both to increase (by increasing bone 
resorption) and to decrease (by increasing renal excretion of phosphate) 
serum phosphorus. Nevertheless, when observed in combination with 
hypercalcemia, hypophosphatemia strengthens the diagnostic case for 
HPT. Figure 2 depicts the preoperative values in 260 patients with HPT 
compared with the normal range determined in 576 healthy persons. As 
with calcium, the normal range of phosphorus differs in the two sexes; 
it decreases with age in both, but in women it increases again after age 
40 years. 


Skeletal Roentgenograms 


Although frequently normal, these sometimes give pathognomonic 
information. The specific signs of osteitis fibrosa cystica are most easily 
recognized in the skull (disappearance of the tables and ground-glass 
demineralization) (Fig. 3), the hand (demineralization and subperiosteal 
resorption) (Fig. 4), and the jaws (disappearance of the lamina dura and 
metaplasia of cancellous bone). Occasionally, the only roentgenographic 
finding may be a solitary bone cyst. Osteitis fibrosa cystica may be severe 
in secondary HPT of renal failure, but is often inconspicuous in neo- 
plastic HPT. 


Alkaline Phosphatase 


Changes in activity of this enzyme reflect the secondary bone 
regeneration of osteitis fibrosa rather than PTH activity. The levels are 
often normal in cases with no or only mild roentgenographic abnormali- 
ties. 


Hypercalciuria 


While common, this is often mild and not consistently present, 
whether estimated on the basis of a quantitative low-calcium diet or a 
general diet without added dairy products. Very severe hypercalciuria 
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Figure 2. Mean preoperative serum phosphorus values in patients with primary HPT; 
upper, men; lower, women. Broken lines represent normal mean expressed as regression 
with age; solid lines represent 2.5 and 97.5 percentile limits of normal distribution. Each dot 
represents the mean preoperative value for a patient. Individual preoperative values would 
show a larger proportion of patients having one or more values within the normal range. 
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Figure 3. In this case of HPT, demineralization of the skull has the granular appear- 
ance that characterizes this disease. This is not always seen but is reliable evidence of HPT 
when it occurs. Often, when present, it is not so easy to recognize as in this case. 


Figure 4. Presence of HPT is shown by subperiosteal 
resorption of bone of middle phalanx. Roughness of cortex of 
proximal phalanges occurs normally. Absorption of the tuft 
is accessory evidence of HPT; this is seen frequently when 
subperiosteal resorption of bone is present but, by itself, can- 
not be depended on as a sign of this disease. 
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(in excess of 500 mg. per 24 hr.) may sometimes prove a paradoxic clue 
to an alternative explanation of hypercalcemia, such as sarcoid or malig- 
nancy rather than HPT. Urinary excretion of calcium in HPT is consis- 
tently low in the presence of seriously compromised renal function. 
Yendt and Gagne reported that 65 per cent of the hypercalciuric women 
they examined proved to have HPT. Thus, this finding may be more 
diagnostically significant in women than in men. They described a 
special form of HPT in women characterized by significant hypercal- 
ciuria, normal or borderline values for serum calcium, and metabolically 
active renal stone disease. 


Tubular Reabsorption of Phosphorus (TRP) 


The most widely publicized diagnostic procedure for HPT after cal- 
cium estimation, TRP is best measured after phosphate loading for 
several days.'* 48 The urine may be collected for 12 or 24 hours but a 
shorter, accurately timed interval is preferable; TRP may be calculated 
from the formula: 


(urine phosphorus excretion x serum creatinine) 
TRS = || A : = : x 100. 
| (serum phosphorus x urine creatinine excretion) 

Some observers have preferred more complex methods for assessing 
phosphate leak (Table 4), but there is no convincing evidence that such 
procedures are sufficiently superior to merit the extra difficulty in- 
volved.*? In normal persons, TRP is generally between 80 and 90 per 
cent; perhaps four fifths of patients with proved HPT have lower values 
but, unfortunately, so do patients with other hypercalcemic siates. 
Prior phosphate deprivation increases the values observed in normals, 
and significant renal insufficiency invalidates the test. 


Comment 


Except for skeletal roentgenograms, all diagnostic procedures listed 
may at times give false-negative responses in proved HPT or false- 
positive ones in patients with other disorders.** For this reason, differ- 
ential diagnosis of hypercalcemia must be based on all the clinical 
evidence available and not on the results of laboratory tests alone. When 
there is particular reason to consider malignancy, myeloma, or sarcoid, 
treatment with glucocorticoids for 2 weeks may cause the hypercalcemia 
to disappear in myeloma or sarcoid with virtual certainty and in about 
half the cases of malignancy.'* A misleading response has occurred ina 
few patients with HPT as well. Differential diagnosis of HPT at times has 
been made doubly difficult by the coexistence of a second hypercalce- 
mic disorder in the same patient. Thus, HPT has been documented in 
patients with exophthalmic goiter,*® sarcoidosis, myeloma, and carci- 
nomatosis. Published instances of such dual causality indeed reflect 
the ultimate in diagnostic problems, the solutions of which represent 


admirable clinical virtuosity." 
CLINICAL MANAGEMENT 


At present, operation is the only effective treatment for primary 
HPT. Occasionally, a life-threatening hypercalcemic crisis requires 
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emergency medical care until the patient’s condition has improved 
sufficiently to permit operation. Acute episodes of hypercalcemia, with 
levels of 16 to 20 mg. per 100 ml., are encountered occasionally in HPT 
(see case 2) and more frequently in patients with malignancy, hyper- 
vitaminosis D, or other hypercalcemic disorders. The patient may be 
desperately ill and mentally obtunded, sometimes with severe nausea, 
vomiting, and abdominal pain which obscure the diagnosis. Polyuria, 
polydipsia, profound weakness, and psychiatric manifestations are 
frequent. Rapidly progressive renal failure and cardiovascular collapse 
may occur terminally. In this desperate situation, many methods have 
been tried for reducing serum calcium. Intravenous administration of 
EDTA is not favored because it may have adverse effects on renal func- 
tion, already seriously impaired. Parenteral administration of sodium 
sulfate will decrease serum calcium only transiently. Massive water- 
loading combined with maximal diuresis and administration of ethacry- 
nic acid or furosemide is perhaps one of the safer and more effective 
regimens available. Parenteral administration of orthophosphate is 
likewise effective but is widely criticized because circulatory collapse, 
metastatic calcification, and death have been attributed to its use.*? 
Goldsmith and Ingbar, however, have found it to be a safe and effective 
procedure, providing phosphorus is infused at a rate which does not 
exceed 250 mg. per hr. for a total of not more than 1500 mg. per infusion. 
Hemodialysis’ has also been used successfully.* 

Surgical extirpation of a parathyroid tumor or subtotal resection of 
primary hyperplasia is followed by prompt restoration of normal calcium 
levels and eventual disappearance of the other biochemical abnormali- 
ties. Hypercalcemic symptoms, including the neuropsychiatric ones, 
often disappear first. Even ‘“‘asymptomatic” patients often report a 
conspicuous postoperative sense of well-being. However, interpretation 
of this or the relief of vague functional symptoms, particularly in patients 
who had minimal or borderline hypercalcemia, may be difficult because 
surgical exploration can be potent psychotherapy. Remineralization of 
the skeleton occurs rapidly. Formation of renal calculi usually but not 
invariably ceases. However, nephrocalcinotic deposits and residual 
calculi usually persist, although the kidney may sometimes clear itself 
of calculi gradually by fragmenting and passing stones, sometimes 
without colic. Renal function may improve but, in patients with seriously 
impaired renal reserve, it may get worse. 

Effects of surgical extirpation on other concomitants of HPT are 
less clear. In most cases, the course of peptic ulcer seems unaffected but, 
in a few cases, intractable ulcer symptoms have so promptly abated as 
to obviate the need of previously scheduled gastric surgery. The relation- 
ship of HPT to pancreatitis is difficult to assess;'! many cases are said 
to have improved but others have not. It has been suggested that, in 
some instances, pancreatitis may have indirectly initiated HPT rather 
than the other way about.** 

Paresthesias are not uncommon during the postoperative period, 
although in most cases such features remain minimal or are absent. 


*Since calcitonin reduces the rate of bone resorption, it should be useful in hypercal- 
cemia associated with increased rate of bone resorption. However, its effectiveness so far has 
not been impressive (Foster, G. J., New Eng. J. Med., 279:349, 1968).—Ep1Tor. 
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While these symptoms are usually accompanied by some degree of 
hypocalcemia, normal levels of serum calcium may be found and the 
symptoms are relatively unaffected by calcium therapy. Hypomagnese- 
mia has occasionally been found in such instances and the symptoms 
have responded to magnesium rather than calcium replacement. More 
severe degrees of postoperative tetany accompanied by carpopedal 
spasm or laryngospasm may reflect serious osteomalacic tetany resulting 
from sudden cessation of bone resorption and rapid remineralization of 
bone. Such “bone-hunger tetany’ can be predicted when the HPT 
produces clinically severe osteitis fibrosa cystica and levels of alkaline 
phosphatase are very high. Administration of truly enormous quanti- 
ties (up to 6 gm.) of calcium orally and parenterally has sometimes been 
required for many days before the bone hunger has been sufficiently 
repleted to permit stabilization of calcium concentrations. While it may 
be true, as has been suggested, that administration of PTH is the only 
certain means of relieving the bone-hunger tetany promptly, it must be 
remembered that it does so at the cost of perpetuating the osteitis. There 
is no real substitute for mineral repletion. 

In other instances, severe postoperative symptoms have heralded 
permanent parathyroprivic tetany. This is eventually and sometimes 
initially characterized by increasing levels of serum phosphorus as well 
as hypocalcemia, in contrast to bone-hunger tetany in which persisting 
hypophosphatemia and hypocalcemia is the rule. Treatment with vita- 
min D or dihydrotachysterol should, if possible, be deferred until mineral 
repletion is relatively complete and the integrity of surviving parathy- 
roid tissue and the need for chronic therapy have been assessed accu- 
rately. 

Parathyroprivic tetany is the most serious consequence of surgery 
usually encountered. Its incidence may be as low as 3 per cent, but as 
high as 30 per cent has been reported and, particularly in the hands of 
the untrained or unskilled, this and the other familiar hazards of thy- 
roid surgery are to be feared. To these must be added the risk of surgical 
failure because the difficulties of finding a small soft nodule somewhere 
between the larynx and the pericardium pose formidable surgical prob- 
lems fully as difficult and challenging as the medical ones. In a few 
patients, the tumor cannot be reached through a cervical incision, so 
that subsequent sternotomy is required. There is a small but predictable 
risk of recurrence or persistence (see case 1). Although reports differ, 
perhaps 5 to 10 per cent of cases are in this category. 

In the face of these considerations, it should be obvious that surgical 
exploration should not be undertaken as a diagnostic maneuver. If 
doubt remains concerning the diagnosis, further study including, if 
indicated, protracted observation may be preferable, except in des- 
perately urgent circumstances, to a needless and fruitless surgical hunt. 

Nevertheless, surgical extirpation provides very satisfactory cure 
for HPT in a majority of cases. Because this is so, it has been the usual 
practice to advise operation whenever the diagnosis has been reasonably 
established, regardless of the severity of the biochemical abnormalities, 
the presence or absence of symptoms, or the clinical consequences of 
the condition. This practice reflects surgical optimism and the view that, 
once present, HPT, like cancer, is certain to progress and become a 
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threat to health and survival. This point of view provides the only means 
of justifying surgery in healthy persons found to have mild hypercalce- 
mia which, on careful study, is classified as “chemical hyperparathy- 
roidism without symptoms.” Such patients comprise the majority of 
surgically documented cases initially identified by mass screening 
procedures. If, contrary to the prevailing view, it is eventually shown 
that, in many cases, HPT does not progress and that long-standing mild 
or borderline hypercalcemia in such circumstances poses little or no 
threat to health, then to the other medical problems of HPT will be 
added the ultimate one —that of finding reliable procedures to determine 
which patients will progress and therefore need surgical treatment and 
which patients will not progress and therefore do not need it. 

Unfortunately, until then, the patient with HPT must either be 
operated on without respect to clinical manifestations, as at present, or 
else be kept under close medical surveillance for an indefinite period, 
preferably on a liberal phosphorus intake, for signs of any worsening of 
the hypercalcemia or of the skeletal or renal integrity. 


SUMMARY 


Primary hyperparathyroidism is a disease of astonishing variety, 
both in severity and in mode of clinical expression. It is encountered in 
patients with no symptoms whatsoever as well as in patients with in- 
volvement of the skeleton or urinary tract. Hypercalcemia remains the 
principal clue for identifying cases and in most instances the principal 
criterion for diagnosis; hyperparathyroidism can usually be defined as 
hypercalcemia for which alternative explanations have been excluded. 
Nevertheless, in some patients the calcium levels are borderline, equivo- 
cal, or within the normal range. In such instances, a battery of other 
procedures is used, which in the aggregate is only partially helpful. 
Careful clinical judgment with consideration of all the evidence and all 
alternatives is required; the diagnosis is not only a chemical one. The 
treatment is surgical but, like the diagnosis, is difficult and not without 
risks. To proceed on the assumption that patients with stable hyper- 
calcemia of mild degree and without symptoms do not require surgery 
also involves risk, necessitating extended medical surveillance for the 
present and more intensive study of the natural history of the disease 
in the future. 
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Hypoglycemia: A Complex 
Problem 


ALBERT J. FINESTONE, M.D., M.Sc., F.A.C.P.* 
MICHAEL G. WOHL, MLD., F.A.C.P.** 


Hypoglycemia is a clinical problem which can be most per- 
plexing to diagnose but therapeutically very satisfying. Hypoglycemia 
may be defined as a clinical state with blood sugar below 50 mg. per 100 
ml. (true glucose), usually with symptoms. A brief physiologic review is 
necessary for a rational approach to this subject. 

The blood sugar level is determined by glucose production and 
glucose utilization. Each of these processes is regulated by a series of 
hormonal interactions in which insulin lowers blood glucose and, on the 
other hand, growth hormone, glucocorticoids, glucagon, and epinephrine 
increase it. In considering this subject, the concepts of the ‘‘fed state”’ 
and the “fasted state” are most useful. The fasted state is usually con- 
sidered to exist after an overnight fast, but from a metabolic standpoint 
it might be said to begin 3 or 4 hours after a meal. The fed state is con- 
sidered to exist from the start of a meal until 2 or 3 hours thereafter. 

It is to be borne in mind that in the fasted state, brain cells and eryth- 
rocytes need a minimal constant supply of glucose to continue cellular 
function. The liver is the primary source of this glucose during fasting 
for cerebral and red cell metabolism; other tissues utilize free fatty acids 
and ketones as a source of energy during fasting. 

Approximately 25 per cent of the total daily carbohydrate intake is 
stored as hepatic glycogen, which can then be released as free glucose 
into the blood and carried to other tissues. This process of glycogenolysis 
is mediated through a series of enzymes, the key one of which is glu- 
cose-6-phosphatase. 

During periods of fasting, glucose may be synthesized from glycerol, 
lactate, and amino acids. This process of gluconeogenesis is necessary 
since the amount of liver glycogen is limited and can supply glucose for 
only a few hours of fasting. 
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In the fed state the rise in blood sugar stimulates the release of in- 
sulin. The detailed action of insulin is not reviewed here; this informa- 
tion is readily available elsewhere. Suffice it to say that insulin promotes 
the tissue uptake and storage of glucose, amino acids, and lipids. 


THE CLINICAL PICTURE 


The common denominator of the clinical picture of hypoglycemia is 
the manifestation of protean, indefinite nervous symptoms. They suggest 
either an overactive sympathoadrenal system or decreased brain oxy- 
genation due to low blood sugar. Symptoms related to the former are 
pallor, rapid pulse, dilated pupils, and profuse sweating. Symptoms due 
to involvement of the brain and spinal cord are stupor, loss of memory, 
change of behavior, restlessness, muscle twitching or prostration, speech 
disturbances, blurred vision, diplopia, vague paresthesias, momentary 
loss of consciousness, and finally convulsions that in many cases are 
diagnosed as epilepsy. Profound and continued hypoglycemia can cause 
irreversible central nervous system changes and eventually death. 
Hypoglycemia can have an adverse effect on pre-existing disease, 
particularly coronary artery disease and cerebrovascular disease. 

Once the patient’s symptoms have been found to be due to low blood 
sugar, a specific cause must be determined. Any organized approach to 
this problem will require a classification. Many methods have been pro- 
posed, using etiologies, clinical features, and physiologic factors. We 
believe that the most understandable classification is one that divides 
the subject into fed and fasted hypoglycemia. 

Arky has divided fasting hypoglycemias into two major groups, 
underproduction and overutilization of glucose (Table 1). The hypo- 
glycemias of the fed state can be classified as follows: 

1. Alimentary hypoglycemia (due to previous gastrectomy or surgical bypass 
of the pylorus) 


2. Functional hypoglycemia 
3. Diabetes mellitus 


Each of the major groups of hypoglycemias will now be considered, 
with appropriate examples. We will not give an all-encompassing review 
of this subject, but will approach it as clinicians dealing with diverse 


adult patients, many of whom could have hypoglycemia as a cause for 
their symptoms. 


Table 1. Classification of Fasting Hypoglycemias' 


a ae ee eee 
Underproduction of glucose 
Hepatic disease 
Adrenal or pituitary insufficiency 
Alcohol hypoglycemia 


Overutilization of glucose 
Insulinoma 
Extrapancreatic neoplasms 
Exogenous insulin or oral hypoglycemic agents 
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HYPOGLYCEMIA IN THE FASTING STATE 


Hepatic Disease 


Any of a large group of hepatic diseases can produce hypoglycemia, 
but the hepatic disorders, in order to do so, must involve the liver in a 
diffuse and extensive fashion, either morphologically or biochemically. 
Examples with morphologic abnormalities are cirrhosis, hepatitis, and 
extensive carcinoma (primary or metastatic). In such cases, the glucose 
tolerance curve shows a low fasting blood sugar (below 50 mg. per 100 
ml.), a high apogee, or an impaired return to normal. The low fasting 
level is due to the decreased ability of the liver to produce glucose. The 
“pseudo diabetes” is due to decreased hepatic capacity to store carbo- 
hydrate. 

Enzyme defects without significant morphologic changes can also 
produce hypoglycemia. Six different varieties of enzyme deficiencies 
concerned with glycogen storage have been described. Von Gierke’s 
disease is associated with a deficiency of glucose-6-phosphatase; these 
patients have large quantities of glycogen in the liver and kidneys. This 
disorder is characterized by hypoglycemia in infancy, but patients tend to 
become normoglycemic as they grow older. Hereditary disorders of 
galactose and fructose metabolism also occur and produce hypoglyce- 
mia. These patients are unable to utilize galactose and fructose, respec- 
tively, and convert it to glucose or energy. 

Hepatic enzyme defects associated with hypoglycemia are usually 
found in infants and children and will not be considered here. Hepatog- 
enous hypoglycemia in adults is an unusual situation, despite the con- 
siderable space given to this subject in many monographs. However, 
this does not refer to alcoholic hypoglycemia, which will be discussed 
separately. 


Adrenal Hypofunction 


Hypoglycemia is not uncommon in patients with adrenal insuff- 
ciency. Rarely may hypoglycemia be the initial manifestation of adrenal 
insufficiency. Gastrointestinal symptoms of nausea and vomiting are 
not uncommon in adrenal insufficiency, and these of course might 
exacerbate the hypoglycemia. Also, patients with adrenal insufficiency, 
conversely, are much more susceptible to the hypoglycemic action of 
insulin and other agents. The major mechanism responsible for hypo- 
glycemia in adrenal insufficiency appears to be decreased gluconeogene- 
sis and defective glycogenolysis. 

Since hypoglycemia on the basis of adrenal insufficiency is fre- 
quently accompanied by symptoms of an intra-abdominal lesion (nausea, 
vomiting, and abdominal pain), exploratory laparotomy is often con- 
sidered. The following case illustrates such a situation. 


A 21 year old Negro man was admitted to Philadelphia General Hospital 
complaining of sharp pain in the pit of the stomach and vomiting of 3 days’ dura- 
tion. Three months earlier he had been brought to the hospital in deep coma. At 
that time, the blood sugar level was 40 mg. per 100 ml. and the CO, combining 
power 30. He was treated with intravenous glucose; he regained consciousness 
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Figure 1. Microphotograph of adrenal gland showing fibrocaseous tuberculosis. (Cour- 
tesy of Dr. J. H. Clark.) 


and talked rationally. For the next 2 days he had a mild fever and cough, which he 
said had also been present for 2 days prior to his coma. His upper respiratory in- 
fection cleared. He appeared quite well and left the hospital before further studies 
could be carried out to determine the underlying cause of the hypoglycemia. He 
had remained well until the present admission. 

The physical examination revealed nothing of any significance in the chest or 
abdomen, but there were some irregular patches of black pigmentation on the 
tongue and buccal mucosa. The blood pressure was 95 mm. Hg systolic and 75 
diastolic. The fasting blood sugar was 68 mg. per 100 ml. A 6-hour glucose toler- 
ance test showed a progressively decreasing blood sugar level. The other labora- 
tory and x-ray findings were irrelevant. 

The patient was seen by several physicians, whose diagnoses varied: pan- 
creatic tumor, hypopituitarism, and possible Addison’s disease. An exploratory 
abdominal operation was considered. Two days prior to his scheduled surgery, 
he suddenly lapsed into a deep coma and died in spite of vigorous treatment with 
intravenous glucose and adrenocortical hormone. Necropsy revealed fibrocaseous 


tuberculosis of the adrenal gland and healed primary pulmonary tuberculosis 
(Fig. 1). 


Pituitary Insufficiency 


It has been estimated that approximately 10 per cent of all patients 
with pituitary insufficiency develop symptomatic fasting hypoglycemia. 
Every since Poulsen, in 1953, reported that the Houssay phenomenon 
had a favorable effect on diabetic retinopathy, a variety of methods have 


HyPoGLyYcEmMiA: A COMPLEX PROBLEM 535 


been proposed to interfere with pituitary function for this purpose. Eight 
deaths were due to hypoglycemic reactions in a combined series of 173 
patients subjected to hypophysectomy for diabetic retinopathy. Hypo- 
glycemic reactions without death obviously are much more common in 
this situation. The following case illustrates this problem. 


A 24 year old woman was admitted to Episcopal Hospital for treatment of 
progressive visual loss due to diabetic retinopathy, with retinal hemorrhage as 
the major manifestation. She had been a known diabetic since the age of 11 years 
and at the time of admission was taking 40 units of lente insulin and 10 units of 
regular insulin daily before breakfast and 6 units of lente insulin before dinner. A 
pituitary stalk section was performed in an effort to arrest the progressive diabetic 
retinopathy. The patient had a very satisfactory response to the pituitary surgery, 
with preservation of vision and resorption of much of the hemorrhage. In addition 
to insulin, she was discharged on hydrocortisone and thyroid replacement therapy. 
The visual improvement has been preserved for the ensuing 18 months, but des- 
pite a much lower insulin dose and continuation of hormonal replacement therapy, 
she has been readmitted several times with severe hypoglycemia. Even though 
this patient is a diabetic on insulin, the hypoglycemia is clearly secondary to in- 
duced hypopituitarism. 


Alcohol Hypoglycemia 


Recently it has been demonstrated that ethyl alcohol produces hypo- 
glycemia, apparently by impeding gluconeogenesis. Studies have shown 
that this type of hypoglycemia is not associated with increased plasma 
insulin levels as determined by immunoreactive studies, and the hypo- 
glycemia is unresponsive to intravenous glucagon. The following case 
report is illustrative of the problem of alcohol hypoglycemia. 


A 59 year old man was brought to Temple University Hospital by a priest who 
had found him sleeping in an unlocked auto and smelling of alcohol. He was cold 
and unresponsive on admission to the accident dispensary. The blood sugar 
determination was 13 mg. per 100 ml. He responded dramatically to 50 per cent 
glucose given intravenously. He had a history of chronic alcoholism with heavy 
recent intake and a very poor food intake. No hypoglycemic drugs had been taken. 
The liver was palpably enlarged. Other routine studies were negative, including a 
5 hour glucose tolerance test and glucagon test. The patient improved steadily 
with adequate nutrition and supplementary vitamins. Several days after admis- 
sion, impending delerium tremens was noted, and the patient was successfully 
treated. He was discharged much improved with Social Service referral. 


Conversely, hypoglycemia is too often mistaken for alcoholism. One 
of us (M.G.W.) recalls a man who was brought to Philadelphia General 
Hospital as drunk because of incoherent speech and mental confusion. 
Hypoglycemia was established. The patient died in shock, and the post- 
mortem diagnosis was hyperplasia of insulinogenic cells of the pancreas 
(Fig. 2). 


Endogenous Insulin and Hypoglycemic Agents 


The most common type of hypoglycemia found in clinical practice 
would be in this category. All practicing physicians can give many ex- 
amples of it. In the case of insulin, an inaccurate excess dose, omitting 
or postponing a meal, or vigorous exercise may result ina hypoglycemic 
reaction. Acute medical and surgical stresses will increase insulin re- 
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Figure 2. Microphotograph of pancreas showing hyperplasia of insulinogenic tissue. 
(Courtesy of Doctors J. H. Clark and R. T. Custer.) 


quirements. However, as these subside, unless the physician recognizes 
that the need for increased insulin was only temporary, hypoglycemia 
will result from the failure to decrease the insulin dosage. 

The sulfonylurea antidiabetic agents can produce hypoglycemia, 
since their mode of action is through stimulation of endogenous insulin 
secretion. The major drug to be considered in this category is chlorpro- 
pamide (Diabinese), due to its long half-life of 36 hours and its delayed 
renal excretion. Thus, elderly patients with impaired renal function are 
particularly liable to this complication of therapy. Continuous intrave- 
nous glucose should be given for many hours and even days, until it is 
certain that the hypoglycemic effect of the drug has been dissipated. 
Tolbutamide (Orinase), acetohexamide (Dymelor), and tolazamide 
(Tolinase) have also produced hypoglycemia, but less commonly than 


chlorpropamide. The following case report illustrates this kind of hypo- 
glycemia. 


A 74 year old woman was admitted to Episcopal Hospital for treatment of 
mental confusion of about 4 days’ duration, which had been worse in the mornings 
and evenings. She had had diabetes for 15 years and was blind because of dia- 


betic retinopathy. Two years previously, she had been hospitalized for cerebral 
thrombosis manifested by left hemiparesis. 
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Physical examination revealed the patient to be well oriented on admission. 
On the following morning a fasting blood sugar level was 34 mg. per 100 ml. It 
was determined that the patient had been taking a total of 750 mg. of chlorpropa- 
mide daily in divided doses. While she was in the hospital, the dosage was reduced 
to 250 mg. per day, and thereafter, blood sugar levels climbed out of the hypo- 
glycemic range. Renal function appeared to be adequate. With the decreased 
dosage of chlorpropamide, the patient’s mental status improved greatly. 


This case report illustrates the problem of hypoglycemia as frequent- 
ly seen in the elderly patient, and it should alert the physician to the 
subtle manifestations of hypoglycemia and the possible confusion with 
vascular disease. Hypoglycemia must be kept in mind in all of these 
circumstances to avoid undocumented diagnoses of cerebral vascular 
insufficiency, which are made all too often in treating older patients. 

It must be remembered that less than 1 per cent of chlorpropamide 
is metabolized and excreted through the kidneys. Impaired renal func- 
tion produces excessive blood levels of the drug, resulting in hypogly- 
cemia. Chlorpropamide, of course, should be used with caution in pa- 
tients with even minimal renal insufficiency. In the case cited, renal 
insufficiency did not seem to be responsible but rather an excessive dose. 
Chlorpropamide has a half-life of 36 hours, with a duration of effect as 
long as 60 hours. Seven to 10 days may be needed to achieve a constant 
serum level. All of these factors must be considered in using chlorpropa- 
mide to avoid hypoglycemic reactions. 

Tolbutamide (Orinase) is carboxylated in the liver, and the resulting 
compound has no hypoglycemic effect. It is the most rapidly metabolized 
sulfonylurea, with a half-life of 4 to 5 hours and a duration of action of 6 
to 12 hours. This accounts for its low potential to produce hypoglycemia. 
Acetohexamide (Dymelor) is reduced in the liver to a compound which 
has hypoglycemic activity. The half-life is 6 to 8 hours, and the duration 
of action is 12 hours. Tolazamide (Tolinase) is metabolized to six major 
metabolites, three of which have hypoglycemic activity. The half-life is 7 
hours and the duration of action is 14 hours. These facts explain the 
somewhat greater potential to produce hypoglycemia on the part of these 
latter two drugs. Phenformin (DBI) does not usually produce hypogly- 
cemia in dosages tolerated by the gastrointestinal tract. 


Insulinoma (Islet Cell Tumor of the Pancreas) 


This is a rather unusual tumor which offers a great challenge, since 
an accurate diagnosis will result in a cure in a most distressing clinical 
situation. The majority of these tumors (about 85 per cent) are benign 
and produce hypoglycemia as a result of insulin secretion. Islet cell 
tumors may be nonfunctioning, insulin secreting, or ulcerogenic. Ob- 
viously, a complete review of this subject is beyond the scope of this 
presentation. However, it is important to emphasize the clinical situation 
that might suggest this important but unusual diagnosis. Episodic un- 
usual behavior may suggest this syndrome. This may continue unrecog- 
nized for some time, and the patient may be labeled with a psychiatric 
diagnosis. The patient is usually unaware of any relationship to food or 
exercise. As the condition progresses, the occurrence of symptoms after 
exercise or after fasting may become more apparent. In over 50 per cent 
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of reported cases, unconsciousness was the most common symptom. 
Whipple and Franz, in a review of reported cases, found that a sizable 
percentage had been diagnosed as having epilepsy and were so treated 
for a number of years. 

The intravenous tolbutamide test has become an important diagnos- 
tic procedure for functioning insulinomas. The administration of 1 gm. 
of tolbutamide to healthy subjects results in a rapid fall of blood sugar 
for 30 to 45 minutes, followed by a secondary rise into the normal range 
in the ensuing 90 to 180 minutes. In contrast, in a patient with an in- 
sulinoma, the fall of the blood sugar is of greater magnitude; perhaps 
even more important is the persistence of the hypoglycemia for 3 hours 
after the administration of the tolbutamide. Patients with adrenal in- 
sufficiency may also show acute blood sugar decreases as great as those 
found in insulinoma patients, but they will recover more rapidly. Finally, 
a few patients with severe liver disease may give responses similar to 
those found in insulinoma, but the depressed blood sugars at 90 to 180 
minutes are not as great. Also, in severe liver disease, laboratory studies 
will show impairment or loss of liver function. Elevated fasting insulin 
levels, an excessive plasma insulin response to glucagon, a 72 hour 
fast followed by symptoms, celiac angiography, and the L-leucine toler- 
ance test are also helpful in establishing the diagnosis of insulinoma. 

Surgery will result in cure if the diagnosis is correct. Finally, it 
should be remembered that this is an intriguing but rather rare entity 
that should be considered in patients with fasting hypoglycemia. 


Extrapancreatic Tumor 


Hypoglycemia may be associated with extrapancreatic neoplasms. 
Large malignant mesenchymal tumors form the largest category of this 
rather unusual clinical condition. However, hypoglycemia may be asso- 
ciated with other varieties of tumors. The mechanism of production of 
hypoglycemia is uncertain. A commonly held view is that excessive con- 
sumption of glucose by the tumor is responsible; this is probably the 
explanation in some patients with large tumors. However, other investi- 
gators have found insulin-like activity in some of these tumors, and 
finally some are of the opinion that such tumors secrete anti-insulinase, 
which competes with insulin for insulinase, thus decreasing the rate of 
insulin destruction. If the tumor is removed totally and does not recur, 
the hypoglycemia may be cured. Otherwise, medical therapy would be 
indicated, consisting of steroids, frequent feedings, glucagon, and dia- 
zoxide. The following is a brief illustrative case report. 


A 69 year old woman had been in her usual state of health until a year prior 
to admission, when she injured her hip after a fall. Since then she had been un- 
able to walk. One month before admission, ankle edema was noted. Eight years 
previously, thyroidectomy had been done for carcinoma of the thyroid, and two 
years previously she had undergone hysterectomy for fibrosarcoma of the uterus. 
She had lost 35 pounds during the previous year. 

Examination revealed a cystic mass over the left clavicle; left axillary nodes 
were palpable. There was a nodular liver, an abdominal mass, and a mass in the 
rectum. Chest x-ray films showed nodular lesions, and an x-ray of the right femur 
revealed an osteolytic lesion. Six days after admission, the patient was found to 
be unresponsive. The blood sugar level at that time was 16 mg. per 100 ml. Several 
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days previously it had been 26 mg. per 100 ml. There was some response to an 
intravenous injection of glucose. Her condition stabilized, and left axillary lymph 
node biopsy was performed; this revealed a malignant tumor, either fibrosarcoma 
or leiomyosarcoma. The patient died several days later, and necropsy revealed 
extensive metastatic leiomyosarcoma involving the myocardium, small bowel, 
large bowel, lungs, liver, adrenal glands, pancreas, kidneys, bones, lymph nodes, 
and omentum. 


Factitious Hypoglycemia 


Hypoglycemia due to the self administration of insulin or oral hypo- 
glycemic agents must be considered. Self administration of insulin may 
sometimes suggest an insulinoma and should be considered whenever 
this diagnosis is suspected, particularly when the patient, such as a 
physician, nurse, or pharmacist, is acquainted with these agents. In these 
circumstances, the intravenous tolbutamide test will not give results 
characteristic of insulinoma. Many of these patients have a severe per- 
sonality disorder, but as previously stated, patients with insulinoma may 
also present psychiatric manifestations, so that these may not be an im- 
portant point in the differential diagnosis. 

Recently, Palumbo et al. described insulin binding by insulin anti- 
bodies as an aid in the differentiation of factitious hypoglycemia from 
that due to islet cell tumor of the pancreas. The finding of insulin binding 
by insulin antibodies in patients with organic hypoglycemia helps to 
confirm the diagnosis of factitious hypoglycemia. The following is an 
illustrative case report. 


A 22 year old woman was admitted to Temple University Hospital for treat- 
ment of episodes when “she felt that she was going to pass out.” Similar episodes 
had occurred as frequently as every other day for the past year. The patient had 
usually been able to relieve her symptoms by eating “something sweet.’ Past 
history revealed a convulsive disorder since the age of 15 years, treated with 
diphenylhydantoin (Dilantin), and also rheumatic fever at the age of 4 years. 

A psychiatric history revealed repeated blood donations sufficient to produce 
anemia and a suicide attempt made a week after her father’s death by ingestion 
of Thio-Tepa and triethylene melamine (TEM), which resulted in bone marrow 
depression. Both of these acts had rapidly brought her to the attention of physi- 
cians. She had had a chaotic family life, being the illegitimate daughter of an army 
physician. She did not learn of her illegitimacy until she was in her teens, and she 
sought psychiatric help at that time. She knew her real father, but she had been 
told by her mother and her stepfather that he was an uncle. She had recently been 
graduated from college. 

On admission she was cold, sweaty, and semistuporous. A blood sugar of 24 
mg. per 100 ml. was obtained. Insulin and an insulin syringe were found in her 
possession. Psychiatric consultation suggested that the patient had a hysterical 
character disorder. It was believed that her self-harmful acts carried certain dan- 
gers with them but were not desirably or profitably handled by hospital incarcera- 
tion. They were far more an attempt to influence the social environment and the 
behavior of others than they were primarily depressive. It was advised that she be 
discharged as soon as possible and told to reconsider her way of dealing with life’s 
problems. If she needed the care of physicians, she should seek it in some form 
more acceptable than self mutilation. These recommendations were accepted, 
and the patient was promptly discharged. 


This case report illustrates well this type of hypoglycemia and should 
be kept in mind as one of the more unusual causes of this problem be- 
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for extensive investigations and possibly pancreatic surgery are con- 
sidered. 


HYPOGLYCEMIA IN THE FED STATE 


Alimentary Hypoglycemia 


Hypoglycemia in the fed state can best be visualized as being due to 
“overutilization.”” Hypoglycemia may occur after any type of surgical 
bypass of the pylorus, including gastrectomy. In this circumstance, 
ingested glucose is passed rapidly to the more absorptive sites in the 
small bowel, and the prompt rise in blood sugar stimulates appropriate 
secretion of insulin, producing prompt utilization of glucose. The hypo- 
glycemia is believed to result from failure of the continued absorption 
of glucose from the gastrointestinal tract which could act as a buffer to 
this extra insulin. A similar situation occurs in normal persons when 
prolonged infusions of glucose, sufficient to sustain hyperglycemia, are 
abruptly terminated. 


A 52 year old woman was admitted to Episcopal Hospital in 1962 and under- 
went subtotal gastrectomy for gastric ulcer. She subsequently had many admis- 
sions for treatment of nausea and vomiting, sweating, and weakness. These 
symptoms were frequently precipitated by eating ice cream, cakes, or fruit, and 
were relieved by tea, sugar, and toast. A 3 hour glucose tolerance test revealed 
blood sugar levels as follows: fasting, 72; 30 minutes, 250; 60 minutes, 182; 120 
minutes, 48; and 180 minutes, 62 mg. per 100 ml. Medical management did not 
produce a satisfactory response of the symptoms, which were believed due to the 
“dumping syndrome” secondary to hypoglycemia. Accordingly, in 1969, the pa- 
tient was once again readmitted and Henley’s jejunal transposition was done to 
provide an increase in the gastric reservoir equivalent to 15 to 20 per cent of the 
stomach. 


Functional Hypoglycemia 


The vast majority of cases of hypoglycemia are functional; no or- 
ganic disease can be demonstrated. Hypoglycemic episodes may occur 2 
to 5 hours after eating in patients with characteristic personality patterns 
and no demonstrable abnormalities in glucose tolerance during the first 
2 hours. These patients are emotionally labile, with symptoms of weak- 
ness, faintness, nervousness, palpitations, anxiety, and instability. Also, 
hunger, headaches, and vertigo are common; loss of consciousness is 
rare. Direct questioning elicits that the symptoms begin 2 to 5 hours 
after meals, are exacerbated by exercise, and are rather unusual in the 
evening after dinner, being more common in mid-morning or mid-after- 
noon. The exact pathophysiologic explanation is lacking, but is believed 
to be overstimulation of pancreatic islet cells by the postprandial rise in 
blood sugar. The following case report illustrates some of the pitfalls that 
are encountered in making a diagnosis of functional hypoglycemia. 


A 34 year old single man was admitted to Temple University Hospital in 1968 
for treatment of fatigue, weakness, obesity, and temperature elevation. The pa- 
tient had had five psychiatric examinations between 1963 and 1967, with the 
diagnosis of schizophrenia. A questionable diagnosis of hypothyroidism had been 


HyPocLycEemia: A CoMPLEX PROBLEM 541 


made in the past, and the patient had been treated with small doses of thyroid 
extract. A physical examination and an extensive laboratory work-up revealed 
only a blood glucose level of 50 mg. per 100 ml. at 3 hours during a 4 hour glucose 
tolerance test. During the hospitalization, blood sugar levels showed normal 
values at times when symptoms of weakness were felt. The patient remained in 
the hospital for more than 3 weeks; at discharge it was believed that the diagnosis 
of functional hypoglycemia was questionable at best. 


The diagnosis of functional hypoglycemia should be made only when 
hypoglycemia and its accompanying symptoms can be reproduced during 
a5 or 6 hour glucose tolerance test. Further, when a patient experiences 
symptoms, the blood sugar level should be determined, to demonstrate 
that hypoglycemia of significant degree (below 50 mg. per 100 ml. as 
true glucose) does correlate with the clinical symptomatology. All too 
often, the physician finds it easier to deal with these complex clinical 
situations, frequently with psychophysiologic symptoms, by labeling 
the condition “functional hypoglycemia” treating it with a high-protein, 
low-carbohydrate diet rather than spending greater time and effort to 
unravel and understand the complicated interplay between emotions 
and physical symptoms. 


Diabetes Mellitus and Hypoglycemia 


It has been known for some time that spontaneous hypoglycemia 
may occur as an early manifestation of diabetes mellitus. Seltzer, Fajans, 
and Conn reported that mild untreated diabetes is frequently associated 
with periodic symptomatic hypoglycemia, and that symptoms of hypo- 
glycemia occurring 3 to 5 hours after meals may represent the earliest 
clinical manifestation of diabetes mellitus. It is believed that the hypo- 
glycemia is due to a delayed but exaggerated response in insulin secre- 
tion. In this syndrome, measurements of serum insulin reveal hypernor- 
mal responses after an initial delay in rise, accounting for the abnormali- 
ties of the glucose tolerance. 


A 39 year old woman was admitted to Temple University Hospital for treat- 
ment of episodes of cold sweats, tremor, and palpitations beginning 2 hours after 
meals, but never before breakfast; the symptoms were of 4 years’ duration, re- 
lieved by a high-protein diet and anticholinergic drugs. The patient’s brother was 
a diabetic. The physical examination was not remarkable, but mild diabetes was 
found in addition to the hypoglycemia. The patient’s symptoms improved on a 
high-protein, low-carbohydrate diet. 


THERAPY 


The therapy of hypoglycemia will of course depend upon the etiol- 
ogy. In the hypoglycemias of the fed state, high-protein, low-carbohy- 
drate diets are used, because it is believed that the decreased carbo- 
hydrate intake will provide a decreased stimulus for insulin secretion. 
Further, the high-protein diet will facilitate gluconeogenesis, with a 
slower rise in blood sugar. However, it might be added that amino acids 
may stimulate insulin secretion. Nonetheless, in practice, the high- 
protein, low-carbohydrate diet divided into six small meals a day is use- 
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ful, even if the exact reason is not fully understood. Occasionally, ster- 
oids, growth hormone, and long-acting glucagon preparations (zinc 
glucagon, glucagon gel) have been used in the treatment of idiopathic 
and tumor-induced hypoglycemia. Diazoxide is a nondiuretic benzothia- 
diazine which was introduced as a hypotensive drug and was sub- 
sequently found to produce hyperglycemia in animals and man. The 
mode of action is not clear, but it has been used in certain types of hypo- 
glycemia, particularly in children, such as glycogen storage disease and 
leucine-induced hypoglycemia. It has also been used in the treatment of 
malignant insulinomas, a most unusual clinical situation. 


SUMMARY 


A review of the subject of adult hypoglycemia has been presented, 
based upon a clinical classification using the “fed” and “fasted” concept. 
An all-inclusive approach has not been used, but rather one which the 
physician in clinical practice might find helpful in dealing with this 
complex subject as presented to him by hospital or office patients. 
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